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You don't have to read this book front to back — though it was
written to reward you if you do, with each chapter stacking on
the last. If you're here because something specific is
happening at your house, start where the symptom is: sticking
doors and visible cracks? Jump to Chapter 8. A big tree near
the corner that's dropping? Chapter 9. A contractor's proposal
sitting on your counter that you want to evaluate? Read
Chapters 11 and 12, then the Conclusion — you'll know
exactly which questions to ask.

One suggestion: keep a pencil handy. Mark your cracks and
date them the way Chapter 8 describes before you finish the
chapter. Walk your grading after the next rain before you
finish Chapter 10. This book works best as a field manual, not
a shelf decoration — the ground under your house is right
outside, and everything in these pages is verifiable there.

Chapter 1: Dirt Is Not Just Dirt

Every foundation in Texas sits on something the builder didn't
manufacture and can't control: the ground itself. You chose
the floor plan. You chose the brick color. You chose the lot,
maybe, but you didn't choose what's underneath it. And what
is underneath it is the single biggest factor in whether your
foundation lives a quiet life or gives you twenty years of grief.

Here's the first thing I want you to take away from this book:
dirt is not just dirt. To a foundation man, soif]is an
engineering material — every bit as real a material as the
concrete in your slab or the lumber in your walls. Concrete
has a strength rating. Lumber has a grade. And soil has
properties too: how much weight it can carry, how it reacts to
water, how much it moves when the seasons change.
Engineers measure those properties in a laboratory. I learned
them the other way — by digging in the stuff, driving piles
through it, and watching what it does to houses year after
year across North Texas.

Most homeowners never think about soil until something goes
wrong. A door starts sticking in August. A crack steps its way
up the brick in October. A tile pops in the entryway and you
find yourself standing in the kitchen wondering whether the
house is falling down. It isn't falling down. But it is moving,
and the reason it's moving is almost always the material it sits
on.

So let's start with what soil actually is.
Soil is not one thing. It's a mixture of mineral particles, water,

and air, and the proportions of those three decide everything
about how it behaves. The mineral particles come in three
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sizes, and the names matter because each size behaves
completely differently:

Sand. The big particles — you can see individual grains with
your naked eye. Sand drains fast, holds its shape under
weight, and barely reacts to water. If your whole house sat on
clean, compacted sand, foundations would be a simple
business. Sand doesn't swell. It doesn't shrink. It just sits
there and holds you up.

Silt. The middle child. Finer than sand, coarser than clay. Silt
holds water longer than sand and can lose strength when it's
saturated — think of the difference between damp beach sand
you can walk on and the soupy silt at the edge of a pond. But
silt doesn't swell and shrink the way clay does. It's a follower,
not a troublemaker.

Clay. The tiny ones — particles so small you can't see a single
one without a microscope. Clay is where all the drama lives.
Clay particles are shaped like microscopic plates, and those
plates have an appetite for water that borders on obsessive.
When water is available, clay pulls it in and swells. When
water leaves, clay lets it go and shrinks. That swelling and
shrinking — sometimes by inches, season after season — is
the engine behind most foundation movement in Texas.

Every soil is some blend of the three, and engineers classify
soils by the blend. A "sandy clay" behaves differently from a
"clayey sand," and both behave differently from the pure, fat,
heavy clays that underlie so much of Texas. The word
engineers use for how much clay behavior a soil shows is
plasticity, and we're going to spend two full chapters on how
it's measured, because that one measurement predicts more
about your foundation's future than almost anything else.

Now, why Texas? Because Texas has clay — and not just any
clay. Much of North and Central Texas sits on geology that
produces some of the most expansive soils in the country. The
Eagle Ford shale, the Taylor marl, the Austin chalk formations
— these are the parent materials that weather down into the
heavy, high-plasticity clays found from the Red River down
through Dallas-Fort Worth, Waco, Austin, and San Antonio.
Homebuilders have known about it for %enerations. Engineers
have written volumes about it. And yet houses keep getting
built on it with slabs that were designed as if the ground were
going to sit still.

Let me give you a picture. Imagine a typical two-story brick
home outside Granbury — slab on grade, maybe 2,400 square
feet, built in the early 2000s on a lot that was scraped flat by
a dozer. Under that slab is a layer of clay, ten or twelve feet
deep in places, that spent the last ten thousand years learning
how to move. In a wet spring, that clay drinks and swells,
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pushing upward against the slab with real force — tons of it,
spread across the footprint. In a dry August, it gives the water
back to the air and shrinks, pulling away from the slab and
leaving parts of the foundation hanging with nothing under
them. The house rides that cycle every year. Some years are
gentle. Some years — a drought followed by a drowning
spring — are not.

The slab, for its part, is a stiff plate of concrete and steel. It
can flex a little. It cannot flex inches. So when the ground
underneath it decides to move unevenly — one corner lifting
while another drops, the middle doming while the edges sink
— something has to give. Usually it's the concrete, the brick
veneer, the drywall, the door frames. That's what cracks are:
the house's way of telling you the ground moved and the
structure couldn't follow.

This is the part most homeowners miss, and it's the whole
reason I wrote this book: the foundation is rarely the
problem. The soil is the problem. A foundation is only as
good as what it's sitting on. You can pour the finest slab in the
county, but if it's floating on twelve feet of breathing clay,
you're not building on bedrock — you're building on a living,
moving material that will push and pull on that slab for the
life of the house.

That doesn't mean every Texas home is doomed. It means the
fix has to deal with the soil, not just the slab. A surface-level
repair — patching cracks, mudjacking a corner, wedging
shims under a beam — treats the symptom while the soil
keeps doing exactly what it has always done. A permanent fix
has to do what the soil can't undo: it has to get the house's
weight down past the moving zone and onto something that
doesn't breathe. We'll get to exactly how that's done in the
final chapters. For now, remember the principle, because it
organizes everything in this book:

You don't fix a foundation by arguing with the soil. You
fix it by getting past the soil.

Everything that follows — the laboratory tests, the plasticity
numbers, the crack patterns, the moisture cycle — is there to
make that one sentence obvious. By the time you finish this
book, you'll read your own house the way I read houses: not
as walls and a roof, but as a structure negotiating with the
ground underneath it, every single day.

Let's start with the laboratory, because the lab is where soil
stops being "dirt" and starts being a measurable material. In
the next chapter, I'll walk you through two tests that have
been run on Texas clay for a hundred years — tests so simple
you could do the rough versions at your kitchen table — and
show you what they reveal about the ground under your feet.
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Chapter 2: The Atterberg Limits

Around 1911, a Swedish soil scientist named Albert Atterberg
asked a deceptively simple question: at what point does clay
stop acting like a solid and start acting like a liquid? He
wasn't trying to fix foundations. He was trying to classify soils
— to draw clean lines between the different states a clay can
be in as it takes on water. The lines he drew are still the
foundation of soil classification today, and they are the single
most useful thing a homeowner can understand about the
ground under a house.

Here's the idea. Take a lump of clay and start adding water to
it, a little at a time. At first, with very little water, the clay is
hard and crumbly — a semisolid. Add more water and it
becomes workable, moldable, plastic: you can roll it, shape it,
press a thumbprint into it. Add still more water and it turns
soft, then soupy, then it flows like a liquid. Same clay, three
completely different behaviors, controlled by nothing but how
much water is in it.

Atterberg defined the boundaries between those states. There
are two that matter most for our purposes:

The Liquid Limit (LL). This is the moisture content —
measured as a percentage of the soil's dry weight — at which
clay transitions from plastic behavior to liquid behavior.
Above the liquid limit, the soil flows. Below it, it holds a
shape. In the laboratory, the liquid limit is measured with a
device called the Casagrande cup: a small brass dish of soil
with a groove cut through it. The dish is dropped repeatedly
from a standard height, and the technician counts how many
drops it takes for the groove to close. The moisture content at
which the groove closes after exactly 25 drops is the liquid
limit. It sounds fussy, but it's beautifully repeatable — labs all
over the world get the same number for the same soil.

The Plastic Limit (PL). This is the moisture content at
which clay transitions from semisolid to plastic behavior —
the dry end of the workable range. The lab test for this one is
almost charmingly low-tech: the technician takes a small ball
of soil and rolls it between the palm and a glass plate into a
thread, like rolling a tiny clay snake. As the thread gets
thinner, it eventually crumbles. The moisture content at which
a thread exactly one-eighth of an inch in diameter starts to
crumble apart is the plastic limit. That's it. A hundred years of
geotechnical engineering, and one of its cornerstone
measurements is rolling a clay snake until it falls apart.

(There's a third limit — the shrinkage limit, the moisture
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content below which the soil stops shrinking as it dries
further — but for a homeowner's understanding, the liquid
and plastic limits carry the story.)

Now, why should you care about two laboratory numbers?
Because together, they draw a map of your soil's personality.
Think of it like this:

* Below the plastic limit, your clay is stiff and crumbly. It
has given up most of its water. This is your soil in a hard
Texas August after six weeks without rain.

* Between the plastic limit and the liquid limit, your
clay is plastic — moldable, workable, and, critically,
capable of changing volume. This is the range where
swelling and shrinking happen. This is your soil for most of
a normal Texas year.

* Above the liquid limit, your clay flows. You see this after
a true drowning — the kind of spring where it rains for
three weeks straight and the low spots in the yard turn to
soup.

Here's the part that connects the lab to your living room. Your
soil doesn't sit at one moisture content. It moves up and down
between these limits with the seasons, and every time it
crosses a meaningful part of that range, it changes volume. A
soil whose plastic limit is 20% and whose liquid limit is 60%
has a huge band of moisture — 40 percentage points — over
which it stays plastic and keeps changing volume. A soil
whose plastic limit is 18% and whose liquid limit is 25% has a
tiny band — just 7 points — and barely changes volume at all
betore it goes liquid or goes stiff.

That band — the distance between the two limits — is so
important it gets its own name and its own chapter. It's called
the plasticity index, and it's the number that tells you
whether the clay under your house is a quiet neighbor or a
troublemaker.

Before we %et there, let me make one thing concrete with a
kitchen-table version of these tests, because I want you to feel
this in your hands, not just read it. Next time it rains, go out
to a bare spot in the yard — a flower bed, the edge of the
driveway where the soil is exposed — and take a handful of
the wet earth. Squeeze it. Now try to roll a little snake
between your palms. If it rolls into a thin thread without
crumbling, you're holding plastic soil — you're between the
limits. Now let that handful dry in the sun for a day and try
again. If it crumbles and won't hold a thread, you've crossed
below the plastic limit. If instead you take that wet handful
and keep adding water until it won't hold any shape at all and
runs through your fingers, you've crossed the liquid limit.

You just ran the Atterberg limits in your backyard. The lab
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does it with brass cups and glass plates and gets numbers.
You did it with your hands and got understanding. Both count.

And here's what your hands told you: clay is not one fixed
material. It's a material with moods, and the moods are set by
water. A soil that can swing through a wide range of those
moods — stiff in August, plastic in October, nearly liquid in a
wet March — is a soil that will push and pull on your
foundation through every one of those swings.

How wide is "wide"? That's the plasticity index. That's next.

Chapter 3: The Plasticity Index

If the Atterberg limits are the two goalposts, the plasticity
index is the size of the field between them. And in foundation
work, the size of the field is everything.

The definition is simple arithmetic:
PI=1LL - PL

The plasticity index equals the liquid limit minus the plastic
limit. It is the range of moisture content — in percentage
points — over which the clay remains plastic: workable,
moldable, and able to change volume.

Let me run two examples so the arithmetic means something.

Example one. A lab tests a soil sample and finds a liquid limit

of 62% and a plastic limit of 21%. PI = 62 — 21 = 41. Thatis a

high-plasticity clay. Across 41 percentage points of moisture

content, this soil stays plastic — swelling as water comes in,

shrinking as water leaves. That is an enormous operating

flange for volume change. This is the kind of soil that moves
ouses.

Example two. Another sample: liquid limit 28%, plastic limit
22%. PI = 28 — 22 = 6. A low-plasticity soil. It barely has a
plastic range at all — it goes from crumbly to soupy with very
little in between, and it doesn't change volume much doing it.
This soil is comparatively well-behaved under a foundation.

Engineers use rough bands to talk about what the number
means. The exact cutoffs vary a little between references, but
the picture is consistent:

* PI below about 7 — low plasticity. Minimal
volume-change behavior.

* PI roughly 7 to 17 — medium plasticity. Moderate
behavior; worth paying attention to.
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* PI above about 17 to 20 — high plasticity. This soil will
move with moisture changes, and a foundation on it needs
to bg designed — or repaired — with that movement in
mind.

* PI above about 35 — very high plasticity. This is the
heavy, fat clay that Texas is famous for. It can swell and
shrink dramatically.

Now here's the sentence that explains half the foundation
repair industry in this state: Texas clays commonly run
high PI. The Eagle Ford shales, the Taylor marls, the
weathered Austin chalk — the parent materials under much of
North and Central Texas break down into clays with plasticity
indexes routinely in the 25-to-50 range, and higher in spots.
That is not a defect in your lot. That is the geology of the
region. When someone tells you "it's just Texas soil," they're
gesturing at this number — they just usually can't name it.

Why does a high PI predict trouble? Think back to the field
between the goalposts. A high-PI clay stays plastic across a
huge range of moisture. That means for most of the year —
through wet springs, dry summers, and everything in between
— the soil under your slab is in its volume-changing state. It
never really parks in the stiff-and-stable zone for long,
because the stable zone is narrow and the Texas weather
keeps dragging the soil's moisture back into the plastic range.
Every crossing means movement. Every season means
another cycle. And the wider the PI, the bigger the potential
swing in volume between the wet extreme and the dry
extreme.

Let me put it in terms of force, because "volume change"
sounds abstract and the reality is anything but. When a
high-PI clay swells, it doesn't swell gently. Confined under a
slab — with the weight of the house holding it down and
nowhere to go but up — swelling clay generates upward
pressures that engineers measure in thousands of pounds per
square foot. Your slab and the soil enter a slow wrestling
match every wet season, and the soil is stronger than you
think. When the same clay dries and shrinks, it doesn't just sit
lower — it can pull away from the slab entirely, opening a gap
between the concrete and the earth. I've seen gaps you could
slide your hand into, running the length of a grade beam,
after a hard drought summer. The slab was holding the house
up over empty air, spanning that gap like a bridge, until the
next wet season slammed the soil back up against it.

This is why PI is the number I wish every Texas homebuyer
knew before they bought. Not the school district, not the
granite countertops — the plasticity index of the soil under
the slab. A PI of 8 and a PI of 42 are two different planets, and
houses on the second planet need a different kind of respect.
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But a number alone doesn't tell you why clay behaves this
way. Why does this particular mineral grab water so
aggressively? What is actually happening between those
microscopic plates when the rain comes? That's mineralogy —
and you don't need a chemistry degree to get it. You just need
to picture the plates. That's the next chapter.

Before we go there, let me anchor what we've covered,
because the rest of the book stacks on it:

. Soil is an engineering material with measurable properties.

1

2. Clay's behavior is controlled by water, and the Atterberg
limits mark the boundaries between its states.

3. The plasticity index — LL minus PL. — measures how wide
the volume-changing range is.

4. Texas clays commonly run high PI, which is the root of the
state's foundation problems.

Hold those four. Everything from here on is what that fourth
one does to houses.

Chapter 4: Expansive Clay:
Texas's Swelling Soil

In the last chapter, the plasticity index told us how much a
clay can move. This chapter is about why — what's actually
happening down at the microscopic level when Texas clay
meets water. I promise: no chemistry degree required. Just a
picture you can hold in your head at the kitchen table.

Remember from Chapter 1 that clay particles are shaped like
microscopic plates — flat, thin flakes stacked loosely together.
Now add one more fact, and the whole mystery of expansive
soil unlocks: those plates carry a slight negative
electrical charge on their surfaces, and water molecules
are polar — they have a positive end and a negative end.
Opposites attract. The positive ends of water molecules are
drawn to the negatively charged clay plates the way a magnet
finds a refrigerator door.

Not all clays are equally thirsty, though, and the difference
comes down to the mineral family the plates belong to. There
are three main families, and it helps to know them because
Texas soils are dominated by the thirstiest one:

Kaolinite — the well-behaved cousin. Its plates are stacked
tightly, bound together in a way that doesn't leave much room
for water to wedge between them. Kaolinite clays have low
plasticity, low swell potential. If all Texas clay were kaolinite,
I'd be in a different line of work.
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Illite — the middle of the road. More willing to take on water
than kaolinite, less dramatic about it than the third family.
Moderate plasticity, moderate swell.

Montmorillonite (part of the smectite group) — the
troublemaker, and the dominant clay mineral in much of
Texas's expansive soil. Montmorillonite plates are loosely
bonded, and water doesn't just coat their surfaces — it pushes
between the plates, wedging them apart layer by layer. The
plates themselves don't change. The stack gets thicker.
Multiply that thickening by trillions of plates in a cubic foot of
soil, and you get inches of heave at the surface.

Here's the kitchen-table picture I use with homeowners.
Imagine a dry sponge — thin, stiff, light. Now imagine that
sponge is made of billions of tiny plates, and every time it
rains, water molecules muscle their way between the plates
and force them apart. The sponge gets thicker. Heavier. It
pushes up against anything sitting on it. Now wring it out —
set it in a hundred-degree August with no rain for two months
— and the water leaves, the plates settle back together, and
the sponge shrinks, cracks, and pulls away from whatever it
was touching.

That is your soil, twice a year, every year. The sponge doesn't
get tired. It doesn't wear out. The mineralogy doesn't change
with age. A fifty-year-old house sits on clay with exactly the
same appetite for water as the day the slab was poured.

Now, a fair question: if the clay under the whole slab swells
and shrinks together, wouldn't the house just ride up and
down evenly, like a boat on a tide? Sometimes — nearly —
yes, and we'll talk about uniform movement in Chapter 6. But
in practice, it never happens evenly, for two reasons.

First, moisture is never uniform under a slab. The soil at
the edges of the house gets rain, gutter discharge, and lawn
watering. The soil under the middle of the house is covered —
shielded from rain, baked by nothing, sitting in a more stable
moisture state. One side of the house might sit near a big oak
that's drinking hundreds of gallons a day while the other side
sits in open sun. A slow plumbing leak can super-saturate one
zone while the rest of the footprint stays dry. So different
parts of the clay are at different points in their swell-shrink
cycle at the same time — one zone swelling while another
shrinks. The result is not a tide. It's a lumpy, uneven,
ff:olrllstantly shifting surface pushing up on a stiff slab that can't
ollow it.

Second, the thickness of the active clay isn't uniform
either. In one spot the expansive layer might be four feet
deep over rock; ten feet away it mi?ht be fourteen feet deep.
Deeper clay means more total swell — the movement stacks
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up through the whole thickness of the layer. So even with
perfectly even moisture, a house can see different amounts of
movement in different spots simply because the geology
underneath isn't flat and even.

This is why two houses on the same street, built by the same
builder in the same year, can have completely different
foundation histories. Same rain, same clay mineralogy — but
different drainage, different trees, different plumbing luck,
different thickness of the clay layer. The soil is the same
material. The conditions are different. And conditions are
what move houses.

There's one more piece of mineralogy worth knowing,
because it explains why the damage is cumulative. When
montmorillonite clay swells, it pushes up with enormous force
— but when it shrinks, it doesn't just reverse neatly. Drying
clay cracks. Those shrinkage cracks open pathways — fissures
running down through the soil. The next rain doesn't just wet
the surface; water runs down those cracks, deep into the soil,
swelling it from the inside out. Each cycle can drive moisture
a little deeper, swell a little more aggressively. The soil has a
memory, in a sense — not a conscious one, just the physics of
cracked ground drinking deeper each time.

So now you have the full picture of the enemy, if you'll forgive
the word. Not an enemy, really — just a material doing what
its mineralogy tells it to do. Microscopic charged plates.
Water wedging between them. Swell, shrink, crack, drink
deeper, repeat. For ten thousand years before your house got
there, and every year since.

The question the rest of this book answers is: given that this
is the ground — given that it will never stop being this ground
— what do you actually do about it? The short answer, which
I'll keep repeating because it's the spine of everything: you
stop asking the moving laﬁer to hold your house. You get the
loadhdciévn through it, to the point where the earth proves it
can hold.

But before the solution, the symptoms. Next, the moisture
cycle itself — the seasonal breathing of Texas ground, and the
"active zone" where all the movement lives.

Chapter 5: The Moisture Cycle

Every year, the ground under your house breathes. In and
out. Up and down. Wet spring, dry summer, maybe a wet fall,
maybe a dry winter — and with each swing, the clay swells a
little and shrinks a little, and your foundation rides along.
Most years the ride is small. Some years it isn't. This chapter
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is about that cycle: how deep it goes, how big the swings get,
and why the worst damage usually follows the most extreme
weather, not the average kind.

Engineers have a term for the layer of soil that participates in
this seasonal breathing: the active zone. It's the depth from
the surface down to the point where seasonal moisture
changes stop mattering — where the soil stays at roughly the
same moisture content year-round. In much of Texas, the
active zone runs about 8 to 15 feet deep, depending on the
clay, the climate, and the cover. Above that line, the soil
breathes. Below it, the soil sits still.

That line is one of the most important invisible boundaries in
foundation work. Everything above it moves. Everything
below it doesn't. Any repair that doesn't get the house's
weight below that line is asking the moving zone to do a job it
has never been able to do: sit still.

Let me walk you through a typical Texas year from the soil's
point of view.

Spring. The rains come. March, April, May — the wet
months. Water soaks into the exposed soil around the house,
runs off the roof through the gutters (or over the eaves, if the
gutters are clogged or missing), and ponds in the low spots.
The clay drinks. The plates wedge apart. The soil swells —
upward, because downward is blocked by the soil below and
sideways is blocked by the soil beside it. Up is the only
direction available, and your slab is in the way. The slab gets
pushed. If the push is even, the whole house rises a fraction of
an inch and nobody notices. If it's uneven — and it usually is
— parts of the house rise more than others, and the stiff slab
has to bend or crack to accommodate the difference.

Summer. The rain stops. The Texas sun goes to work.
Daytime highs sit in the high nineties and triple digits for
weeks, and the clay starts giving its water back — upward to
evaporation, sideways and downward to the roots of every
tree, shrub, and patch of grass within reach. The soil shrinks.
It pulls away from the slab. Gaps open between the concrete
and the earth. The parts of the foundation that were being
pushed up in May are now hanging over air in August. And
here's the cruel part: the slab doesn't just settle back to
where it was. Concrete and soil don't have a memory of
"level." The slab settles into whatever position the shrunken
soil allows, which is rarely the position it started in.

Fall and winter. Sometimes the rains return and the cycle
runs in reverse — the soil swells back up against the slab,
shoving it from below. Sometimes winter stays dry and the
shrinkage holds. Every year is a little different, which is why
foundation movement so often shows up as a ratcheting
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effect: a little movement one year that doesn't fully reverse, a
little more the next, accumulating over a decade until a door
won't close or a crack runs the height of a wall.

Now, how much movement are we actually talking about? It
varies enormously — that's the whole theme of this book —
but in the heavy clays of North Texas, seasonal surface
movement of one to three inches is common, and in extreme
drought-to-deluge swings it can be more. Let me be clear
about what that means: the ground surface itself, with
nothing on it, can rise and fall by inches between August and
April. Your slab is a rigid plate trying to span across a surface
that won't sit still. An inch of differential movement — one
part of the slab an inch higher or lower than the part next to
it — is enough to crack drywall, rack door frames, and
step-crack brick veneer. Two or three inches is enough to do
serious structural damage.

And the extremes are getting more extreme. It doesn't take a
climate scientist to notice that Texas weather has always
swung hard — that's the nature of the place — but the pattern
matters for foundations: the damage follows the swings,
not the averages. A decade of mild, evenly spaced rain does
very little. One brutal drought summer followed by one
drowning spring can do more damage than the previous five
years combined. The soil doesn't care about your ten-year
average. It responds to this season's moisture, and the wider
the swing, the harder the push.

There's one more feature of the moisture cycle worth
understanding, because it explains a pattern you'll see in
Chapter 7: the edges of the slab live a harder life than
the middle. The soil under the center of the house is covered
and insulated — its moisture changes slowly and mildly. The
soil at the perimeter is exposed to everything: rain, gutter
discharge, lawn sprinklers, flower beds that get watered
daily, and on the dry side, the full blast of sun and wind plus
thirsty roots. The perimeter soil swings through a much wider
moisture range than the interior soil, which means the edges
of your foundation move more than the middle. Remember
that — it's the key to understanding edge lift, and it's also the
key to understanding why the watering and drainage advice
in Chapter 10 focuses so heavily on the perimeter.

So here's where we stand. The ground under a Texas house is
a layer of thirsty clay, 8 to 15 feet deep, that swells when wet
and shrinks when dry, moving by inches, unevenly, every
year, driven by weather nobody controls. The slab on top is
Sltliff and brittle by comparison. The house is caught between
them.

The next question is the one that turns soil science into
structural damage: what happens when the movement is
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uneven — when one part of the foundation moves and the rest
doesn't? That's differential settlement, and it's the central
mechanism of nearly every foundation failure you'll ever see.

Chapter 6: Differential Settlement

Of all the terms in this book, this is the one that matters most.
If you remember nothing else, remember this: it is not
settlement that destroys foundations — it is differential
settlement. The difference between one part moving and
another part not moving is where every crack, every stuck
door, every sloping floor comes from.

Let's define the two kinds clearly.

Uniform settlement is when the entire foundation moves
down — or up — together, evenly, as one piece. The whole
house sinks half an inch, level, all at once. Here's the
surprising truth: uniform settlement is rare, and when it
happens, it's far less damaging than you'd expect. A house
that settles evenly is like an elevator going down one floor —
everything inside stays in the same relationship to everything
else. Walls don't crack, because nothing is being bent or
twisted. Doors still close. The house is simply sitting slightly
lower than it used to. Engineers will tell you that a surprising
amount of uniform settlement is structurally tolerable. The
problem is that in Texas clay, uniform settlement almost
never happens.

Differential settlement is when one part of the foundation
moves and the rest doesn't — or moves differently. One
corner drops an inch while the opposite corner stays put. The
middle sinks while the edges hold. The north side heaves up
while the south side stays level. This is what breaks houses,
because a house is a rigid, interconnected structure. When
the ground under one part of it moves differently from the
ground under another part, the structure between those two
points gets bent, twisted, stretched, or sheared. Concrete is
strong in compression and weak in tension — it can hold
enormous weight pushing down on it, but it cannot stretch. So
when differential movement pulls or bends it, it cracks. Brick
veneer cracks in steps along the mortar joints. Drywall cracks
at the corners of doors and windows, where stress
concentrates. Door frames rack out of square and doors stop
latching. Floors slope.

Picture a typical two-story brick home outside Granbury again
— the one from Chapter 1. Now picture what happens when
the clay under the southwest corner shrinks away during a
hard August while the clay under the northeast corner,
shaded by a big oak and sitting over a slightly thinner clay
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layer, barely moves. The southwest corner of the slab loses
support. The weight of two stories of brick and framing now
has to span across that unsupported corner like a diving
board. Concrete can span a little. It cannot span an inch over
that distance without cracking. So it cracks — usually starting
at the weakest points: the corner of a window, the mortar
joints in the brick, the drywall tape at the ceiling line. The
crack is not the problem. The crack is the report. It is the
house telling you, in the only language it has, that one part
moved and the rest didn't.

Engineers measure differential settlement as a ratio — the
amount of difference over the distance it happens across. A
useful rule of thumb you'll hear: when the difference in
movement between two points exceeds roughly 1 inch over 20
feet of foundation, visible damage becomes likely. Less than
that, and most houses absorb it silently. More than that, and
the house starts writing you letters in the form of cracks.
These aren't legal limits — every structure is different — but
they give you a feel for the scale. We're not talking about feet
of movement. We're talking about an inch, spread unevenly,
doing thousands of dollars of damage.

Why is differential movement the rule rather than the
exception? Because everything that drives soil movement in
Texas is uneven:

* Moisture is uneven. Rain hits the exposed perimeter, not
the covered interior. Gutters dump water in specific spots.
Sprinkler zones water some beds and not others. (Chapter
9 is all about this.)

* The clay layer is uneven. It thickens and thins across a
lot. Thicker clay means more total swell and shrink. A
ﬁpuse straddling a thick-to-thin transition is living on a

inge.

* Trees are uneven. A mature oak on the south side drinks
from the soil on the south side. The north side never
notices. Localized shrinkage follows the roots. (More in
Chapter 9.)

* Plumbing leaks are point sources. A slow leak under
the slab super-saturates one zone — sometimes swelling it,
sometimes washing out fine particles and causing localized
settlement. Either way, it's one spot behaving differently
from all the rest.

* The original grading is uneven. If the lot was cut on one
side and filled on the other — extremely common in
subdivision work — the fill side and the cut side settle and
behave differently for years.

Any one of these can create differential movement. Most
Texas lots have two or three of them going at once.

Now I want to address a misconception I hear constantly,
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because it costs homeowners a lot of money: the idea that
the foundation itself "failed." Nine times out of ten, when I
look at a cracked slab or a bowed grade beam, the concrete
did exactly what concrete does. It was poured to a standard
design, it cured properly, it held up the house for years. What
changed was the ground. The foundation didn't fail the house
— the soil failed the foundation. It moved differentially, the
way Texas clay always moves differentially, and the
foundation — a stiff, brittle plate — couldn't follow.

This distinction matters because it determines what kind of fix
actually works. If the foundation were the problem, you'd fix
the foundation: pour more concrete, add steel, thicken the
slab. But the foundation isn't the problem. The problem is that
the foundation is bearing on a moving material. You can make
the slab as strong as you want — it will still crack if the
ground under one corner drops two inches while the ground
under the opposite corner heaves one inch up. Strength
doesn't solve differential movement. Support solves
differential movement — support that doesn't move, because
it's anchored below the zone that moves.

That's the principle we'll build on for the rest of the book. But
first, we need to complete the catalog of movement patterns,
because differential settlement is only half the story. The
other half is movement in the upwar(i] direction — heave —
and it has its own distinct patterns with their own distinct
signatures. If differential settlement is the ground dropping
out from under parts of your house, heave is the ground
shoving parts of your house upward. Both bend the slab. Both
crack the walls. But they leave different fingerprints, and
learning to read those fingerprints is what the next two
chapters are about.

Chapter 7: Heave, Edge Lift, and
Center Lift

Everything in the last chapter was about the ground dropping
or shifting away. Now let's talk about the other direction:
heave — upward movement caused by swelling soil pushing
against the foundation from below.

Heave surprises people. Homeowners expect foundations to
sink — gravity pulls down, so problems should go down,
right? But in expansive clay country, some of the worst
foundation damage comes from the ground pushing up.
Remember the force picture from Chapter 3: confined under a
slab, swelling montmorillonite clay generates upward
pressures measured in thousands of pounds per square foot.
That's not a gentle nudge. That's the earth trying to lift your
house off its own footprint.
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Heave doesn't happen uniformly — nothing in this soil
happens uniformly — and the pattern of heave tells you what's
driving it. There are two classic patterns, and they have
names every foundation man in Texas knows:

Edge lift is when the perimeter of the slab rises relative to
the interior. The edges go up; the middle stays put (or drops).
Piﬁture the slab curling upward at its borders like the brim of
a hat.

When does edge lift happen? Exactly when you'd predict from
the moisture story in Chapter 5: when wet seasons follow
drought, and moisture collects at the edges. Think about
it. The perimeter soil is the soil that's exposed — it takes the
rain, the gutter discharge, the lawn watering. During a
drought, that perimeter soil shrinks hard and pulls away.
Then the rains return, and water runs straight down into the
shrinkage cracks at the slab's edge, swelling the perimeter
clay fast and aggressively — while the interior soil, covered
and insulated, changes moisture slowly. The edges swell first
and most. The slab's perimeter gets shoved upward while the
center hasn't moved yet. Edge lift.

The signature of edge lift inside the house: cracks that are
wider at the top of walls, doors that stick at the top of the
frame, and in brick veneer, stepped cracks that climb outward
and upward from the lower corners. The geometry makes
sense once you see it — if the edge of the slab rises, the wall
above it gets pushed up at its outer end, and the crack opens
widest where the movement is greatest. We'll map these
crack patterns precisely in the next chapter.

Center lift — also called doming — is the mirror image: the
interior of the slab rises relative to the perimeter. The middle
domes upward; the edges stay put or drop.

When does center lift happen? When the interior soil gains
moisture relative to the perimeter. The classic setup: a long
dry spell shrinks the perimeter soil (exposed to sun, wind, and
thirsty roots at the edges) while the covered interior soil holds
its moisture — or a plumbing leak under the middle of the
slab super-saturates the interior clay. The interior swells; the
peofimeter doesn't. The middle of the slab gets pushed up into
a dome.

The signature of center lift is the reverse of edge lift: interior
cracks wider at the bottom, floors that hump in the middle
of rooms, doors that stick at the bottom of the frame. And
there's a particularly telling symptom — tile floors tentin

or popping in the center of a room, where the doming slab
stretches the tile past what the thinset can hold.

Now, here's what I need you to understand about both
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patterns: they can alternate. The same house can
experience edge lift one year and center lift the next,
depending on the weather pattern. Drought followed by a wet
spring: edge lift. Wet year followed by a hard dry summer
with big trees at the perimeter: the edges shrink while the
interior holds — which reads as the center sitting relatively
high, a center-lift pattern. The slab gets bent one way, then
bent back the other way. Concrete doesn't like being bent
back and forth. Every reversal works the cracks a little wider,
loosens the brick ties a little more, racks the frames a little
further out of square. This is the ratcheting I described in
Chapter 5 — and heave patterns are the mechanism.

Let me also name the thing that makes heave so destructive
compared to settlement: you can't relieve it by waiting.
When soil shrinks away and a corner settles, there's at least a
theoretical path where re-wetting the soil brings it back. (In
practice it rarely comes back evenly, but the hope exists.)
Heave is the soil actively attacking the slab — pushing with
thousands of pounds per square foot against a structure that
was designed to handle weight from above, not assault from
below. A slab is a compression member. It is not designed to
be jacked upward from beneath. When the earth decides to
lift the edge of your house, the house doesn't have a graceful
response. It cracks.

So now your diagnostic vocabulary is nearly complete:

* Differential settlement — one part drops (or moves
differently) relative to the rest. The ground lets go.

* Heave — the ground pushes up.

* Edge lift — a heave pattern: perimeter rises. Think
wet-after-drought, water at the edges.

* Center lift (doming) — a heave pattern: interior rises.
Think interior moisture gain or perimeter shrinkage.

Every foundation problem you'll ever look at is some
combination of these four. And every one of them writes its
signature in cracks — which is why the next chapter teaches
you to read those cracks like the diagnostic report they are.

One more thing before we move on. Notice what none of
these patterns suggest as a fix. None of them is solved by
making the slab stronger, thicker, or heavier. A stronger slab
still sits on the same moving soil. A heavier house just gives
the swelling clay more to push against — and the clay, with its
thousands of pounds per square foot, is happy to take that
bet. The fix is never about the slab. It's about what's under
the slab — and specifically, about getting the house's weight
onto ground that doesn't participate in any of these patterns.
Ground below the active zone. Ground that has proven, under
load, that it doesn't move.
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Keep that thought. It's where this whole book is going.

Chapter 8: How Cracks Form and
What They're Telling You

Cracks scare people. I understand why — a crack in your
brick or your drywall feels like the house is breaking. But
after decades of reading houses, I want to offer you a calmer
way to see them: a crack is a diagnostic report. It's the
structure telling you, in precise geometric language, what the
ground underneath it did. Learn to read that language and a
crack stops being a mystery and starts being information.

First, the physics of why cracks form at all. Concrete, brick
mortar, and drywall are all strong when you push on them
(compression) and weak when you pull on them (tension). A
slab or a wall that gets bent — one end lifted, the other held
down — experiences tension on the stretched side. Concrete
can only stretch a tiny amount before it lets go. When it lets
go, it cracks, and the crack opens perpendicular to the
direction of the pull. That's the whole story. Every crack
pattern in this chapter is just that physics playing out in
different geometries.

With that in mind, here are the patterns I read on houses,
what each one suggests, and — importantly — what each one
doesn't prove. Cracks suggest; they don't convict. A proper
evaluation always confirms.

Hairline vertical cracks. Thin, straight up-and-down, often
in foundation walls or in drywall. These are the most common
cracks in Texas homes and the least alarming. Many are
shrinkage cracks — the concrete or drywall compound curing
and shrinking slightly as it dried, years ago. A stable hairline
vertical crack that hasn't changed in years, isn't getting
wider, and isn't accompanied by displacement (one side
higher than the other) is usually cosmetic. The key word is
stable. Mark the ends with a pencil and the date, and check it
in six months. If it hasn't moved, it's history. If it's growing,
it's news.

Diagonal and stepped cracks in brick veneer. This is the
classic Texas foundation crack, and the one I get called about
most. It runs diagonally across the wall — or steps up through
the mortar joints like a staircase — usually starting near a
corner of the house, a window, or a door. Here's why it steps:
brick is stronger than mortar. When the wall gets sheared by
differential movement, the failure follows the weakest path,
which is the mortar joints, zigzagging up through them. A
stepped diagonal crack is the signature of differential
movement — one part of the wall dropping or lifting relative
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to the part next to it. The wider the crack, the bigger the
differential. A sixteenth of an inch is worth watching. A
quarter inch is worth a professional evaluation. A half inch or
more, especially with displacement, is worth one promptly.

Horizontal cracks. A crack running sideways along a
foundation wall or through brick courses. Horizontal cracks
suggest lateral movement or bending — the wall being
pushed or flexed sideways rather than sheared vertically. In a
slab-on-grade home, a horizontal crack in the exposed grade
beam can indicate the beam is being bent by heave below or
by soil pressure from the side. These deserve professional
attention because they suggest the structure is being loaded
in a direction it wasn't designed for.

Cracks wider at the top vs. wider at the bottom. This is
one of the most useful diagnostic reads in the business, and it
connects directly to Chapter 7. Think about the geometry:

* If the perimeter of the slab lifts (edge lift), the wall
above the lifted edge gets pushed up at its outer end. The
crack opens like a V with the wide end at the top — wider
at the top suggests the outer portion rose relative to the
inner portion. Edge lift's fingerprint.

e If the interior rises (center lift / doming), the wall gets
pushed up from the inside. The crack opens widest where
the interior push is greatest — wider at the bottom, near
the slab. Center lift's fingerprint.

* If one end of a wall drops (differential settlement at a
corner), the crack typically opens widest at the top on the
dropping side — the wall is being pulled down and apart at
the top as the corner falls away.

I want to be careful here: these are tendencies, not laws. Real
houses have real complications — previous repairs, additions,
plumbing reroutes, post-tension cables — and any single
crack should be read in the context of the whole Kouse. But as
a first read, the taper direction of a crack is telling you which
way the ground moved, and that's exactly the information a
foundation professional needs.

Cracks at doors and windows. Openings are weak points —
the wall is interrupted, so stress concentrates at the corners.
That's why foundation movement so often announces itself as
cracks radiating from the corners of window and door frames,
or as doors and windows that stick. A sticking door is really a
crack that hasn't happened yet: the frame has racked out of
square (a rectangle becoming a parallelogram) and the door
is binding. When a homeowner tells me "the back door started
sticking in August," I hear "the soil moved differentially in
August." The door is a precision instrument — it only takes an
eighth of an inch of racking to make a door bind.

Why Foundations Fail: Soil Mechanics for Homeowners | 21



Interior vs. exterior cracks. Exterior brick cracks tell you
about the perimeter — the foundation edge and the veneer.
Interior drywall cracks tell you about the slab and the
framing. When both appear in corresponding locations — a
stepped brick crack outside and a drywall crack inside at the
same corner — the diagnosis is strong: the foundation at that
corner moved differentially. When only interior cracks appear
with no exterior sign, I start thinking about interior heave
(center lift) or about framing and truss issues rather than
perimeter foundation movement. The location of the crack is
half the diagnosis.

What cracks don't tell you. A crack can't tell you why the
soil moved — whether it was a plumbing leak, a tree,
drainage, or just the season. It can't tell you whether the
movement is finished or ongoing. And it can't tell you the
plasticity index of your soil. Cracks are the symptom report,
not the lab work. They tell you where to look and what kind of
movement to suspect. The "why" takes investigation: moisture
testing, plumbing tests, looking at drainage and vegetation,
and sometimes a soil boring.

Let me give you a practical routine — what I'd do if I were
walking your house with you:

1. Walk the exterior. Look at every brick corner, every
window and door, the grade beam where it's exposed. Note
every crack: location, direction (vertical, diagonal, stepped,
horizontal), width (compare to a coin — a dime is about a
twentieth of an inch thick), and taper (wider at top or
bottom?).

2. Walk the interior. Check drywall at door and window
corners, ceiling lines, tile floors. Open and close every door
and window — note which stick and where they bind (top,
bottom, latch side).

3. Look for displacement. Run your hand across a crack. Is
one side higher or further out than the other?
Displacement means real movement, not just shrinkage.

4. Date everything. Pencil-mark the ends of cracks with the
date. Photograph them with a coin for scale. Check them
seasonally. A crack that grows in August and holds in April
is telling you about the moisture cycle. A crack that grows
steadily year-round is telling you something else.

5. Correlate. Do the exterior and interior signs point to the
same area? Do the taper directions agree on the movement
pattern? A coherent story across multiple signs is a reliable
story.

And one rule I give every homeowner: a new crack that
appears suddenly, a crack that grows visibly over weeks,
or any crack accompanied by displacement deserves a
professional look promptly. Not panic — perspective. Most
foundation movement is slow and manageable. But sudden
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change is the ground telling you something changed under
the ground, and that's worth understanding sooner rather
than later.

Cracks told us what the ground did. The next chapter is about
why it did it — the three moisture drivers you can actually
influence: drainage, plumbing leaks, and trees.

Chapter 9: Water: Drainage,
Plumbing Leaks, and Trees

If soil is the material and the moisture cycle is the engine,
then water is the fuel. Every swelling event and eve
shrinkage event in Chapters 4 through 7 was driven by water
arriving or water leaving. And while you can't control the
rain, there are three major moisture drivers around your
house that you can influence — and two of them are entirely
man-made. Understanding these three is the difference
between fighting your soil blind and managing it with your
eyes open.

Driver one: surface drainage. This is the big one, the most
common, and the most fixable. Water that falls on your roof
and your lot has to go somewhere, and "somewhere" should
not be "down the side of your foundation."

Walk around your house in a hard rain sometime — really
look. You'll see one or more of the classic failures:

* Gutters dumping at the foundation. A downspout that
ends at the slab line pours hundreds of gallons against the
perimeter soil in a single storm. That soil swells
a%gressively, right at the edge — and Chapter 7 told you
what perimeter swelling produces: edge lift. Downspout
extensions that carry water at least four to six feet from
the foundation are one of the cheapest, highest-value fixes
in homeownership.

* Negative grading. The ground should slope away from
the house — gently but consistently — so surface water
runs off, not in. Over the years, flower beds get built up,
mulch accumulates, and soil settles, and the grade that
sloped away in 2005 now bowls toward the slab. Water
ponds against the foundation. Ponding is just slow-motion
edge lift: the perimeter clay sits saturated for days after
every rain while the interior stays stable.

* Low spots and poor lot drainage. Some lots just hold
water — a swale that was supposed to carry runoff got
filled in by a fence or a shed, or the neighbor's regrading
now sends their water onto your lot. Standing water
anywhere near the foundation is feeding the active zone
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exactly where you don't want it fed.

The principle is simple: roof water and surface water
should leave the perimeter quickly and never come
back. Everything in Chapter 10 about grading and gutters
serves this principle.

Driver two: plumbing leaks under the slab. This is the
sneaky one. A slow leak in a water supply line or a drain line
under your slab doesn't announce itself. There's no puddle, no
water bill spike dramatic enough to notice at first — just a
steady, quiet super-saturation of the soil in one zone, month
after month.

What a slab leak does to soil depends on the leak and the soil,
but the patterns are recognizable:

* A supply-line leak (pressurized, continuous) pumps water
into one zone relentlessly. In expansive clay, that zone
swells — localized heave, sometimes dramatic, sometimes
lifting the slab inches in one spot. I've seen interior doming
traced to a single pinhole leak that had been running for a
year.

* A drain-line leak (intermittent, only when fixtures run)
wets the soil in pulses. Worse, flowing drain water can
carry fine soil particles away with it over time — a slow
erosion under the slab that removes support and causes
localized settlement. Same house, opposite directions,
depending on which pipe is leaking.

Here's the diagnostic clue: plumbing-driven movement is
localized and doesn't follow the seasons. If one area of the
house is moving — heaving or settling — while the rest sits
stable, and the movement doesn't track the wet-dry cycle,
suspect water from below rather than weather from above.
Warm spots on the floor, the sound of running water when
nothing's on, a water meter that creeps with everything off,
foundation movement concentrated near bathrooms, kitchens,
or laundry rooms — these are the signs. A pressure test on
the supply lines and a camera inspection of the drains will
confirm or rule it out, and either answer is valuable: a leak
found is a leak fixable, and a leak ruled out points you back to
the soil and the weather with confidence.

Driver three: trees and large shrubs. This is the one
homeowners resist most, because nobody wants to hear that
the beautiful oak is a foundation suspect. I love trees. But I
respect what their roots do, and you should too.

A mature tree is a water pump. A large oak can pull
hundreds of gallons of water per day from the soil in
summer — not from the surface, but from deep in the root
zone, which in Texas clay extends well into the active zone.
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The roots don't politely avoid your foundation; they go where
the water is, and the soil under and around your sf/ab holds
water. The result is localized shrinkage: the soil in the
tree's root zone dries far harder than the soil elsewhere on
the lot. One side of the house sits on shrunken, pulled-away
clay while the other side sits on normally moist clay.
Differential settlement follows — the classic pattern is the
i:lorner nearest a large tree dropping relative to the rest of the
ouse.

The risk scales with three things: the size of the tree (bigger
canopy, bigger pump), the distance to the foundation
(roots typically extend at least as far as the canopy's drip line,
often further), and the species (oaks, elms, pecans, and
willows are famously thirsty; ornamentals vary). A good rule
of thumb foundation professionals use: a large tree should
stand at least as far from the house as its mature canopy
height — twenty feet for a small ornamental, forty or more for
a big oak. Most suburban lots violate this cheerfully, because
the tree was a cute sapling when the house was built and
nobody did the math on what it would become.

I'm not telling you to cut down your trees. I am telling you to
understand the trade: that oak is drinking from the same soil
your foundation sits on, and in a drought summer, it's
drinking hard. Chapter 10 covers how to manage this —
watering programs that keep the perimeter soil moisture
even, and root barriers that intercept roots before they reach
the foundation zone. Both work. Both are cheaper than
foundation repair.

Now step back and look at the three drivers together, because
there's a pattern worth seeing: all three create uneven
moisture, and uneven moisture is what creates
differential movement. Good drainage keeps the perimeter
from getting too wet. Leak detection keeps one zone from

etting secretly saturated. Tree management keeps one side
rom getting too dry. The goal in every case is the same —
even moisture around the foundation. Not wet. Not dry.
Even. The soil can swell and shrink a little as a whole; what
d}(lastroys houses is one part doing something different from
the rest.

That single word — even — is the entire philosophy of
foundation prevention. And it's the subject of the next, and
final instructional, chapter: what you can actually control.

Chapter 10: Prevention: What You
Can Actually Control

Here's the honest truth about everything in this book so far:
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you cannot change your soil's plasticity index. You cannot

repeal the moisture cycle. You cannot make Texas clay stop

being Texas clay. The mineralogy is what it is, the active zone

%js as deep as it is, and the weather will do what the weather
oes.

But you are not powerless. Far from it. Chapter 9 showed that
the three big moisture drivers are all things a homeowner can
influence, and the goal in every case is the same word: even.
Even moisture around the foundation. This chapter is the
practical playbook — what to do, in what order, and what
each step actually accomplishes in soil-mechanics terms.

1. Grading: get the ground sloping away.

This is job one, because it's the foundation of everything else
— no pun intended. The soil within the first several feet of
your slab should slope away from the house at a steady fall:
roughly six inches of drop over the first ten feet is the
standard guidance you'll hear, and it's good guidance. Walk
the perimeter with a critical eye:

* Where does water pond after a rain? Ponding against the
slab is the enemy — it feeds the perimeter clay for days.

* Have flower beds, mulch, or edging built up the soil
against the house over the years? That reverses the grade
and bowls water toward the foundation. Pull it back down.

* Are there low spots where a swale used to carry water
away? Restore the path.

Regrading is unglamorous work — a shovel, a wheelbarrow,
maybe a load of fill dirt — but in soil-mechanics terms it's
profound: you're cutting off the perimeter's excess water
supply, which is the direct driver of edge lift. Every gallon
that runs away from the house is a gallon that doesn't swell
the edge clay.

2. Gutters and downspouts: manage the roof water.

Your roof is a water-collection machine. A 2,000-square-foot
roof sheds over 1,200 gallons in a single inch of rain — and
without gutters, all of it falls in a concentrated band right at
the foundation line, the worst possible place. If you have
gutters:

* Keep them clean. A clogged gutter is just an expensive way
to pour water over the eave in a waterfall, right onto the
perimeter soil.

* Extend every downspout at least four to six feet from the
foundation — further if the grade allows. Splash blocks are
better than nothing; buried extensions or pop-up emitters
are better still.

* Watch where the extensions discharge. "Away from the

Why Foundations Fail: Soil Mechanics for Homeowners | 26



house" shouldn't mean "into the low spot by the neighbor's
fence that drains back." Follow the water.

If you don't have gutters, seriously consider them. In
expansive clay country, gutters aren't a trim accessory —
they're foundation protection equipment.

3. Watering programs: keep the perimeter moisture
even.

This is the one that surprises people: in a drought summer,
not watering can be as damaging as overwatering. Remember
Chapter 5 — the perimeter soil lives a harder life than the
interior soil, swinging through a wider moisture range. In a
hard dry spell, the perimeter clay shrinks and pulls away from
the slab while the interior holds steady. That's the setup for
differential settlement at the edges.

The answer is a foundation watering program: soaker
hoses laid 12 to 18 inches from the slab, run on a schedule
during dry months to keep the perimeter soil moisture
consistent — not soaked, not dry, consistent. The goal isn't to
water the foundation; it's to prevent the extreme dry swing.
Think of it as narrowing the moisture range the edge clay
travels through, which narrows the volume-change range,
which narrows the movement. You're using the PI concept
from Chapter 3 in reverse: you can't change the soil's
plasticity, but you can keep the soil's moisture from touring
the full width of it.

A few practical notes: water in the cool hours to reduce
evaporation. Don't create ponding — if water stands, you're
overdoing it. And be even about it — watering one side of the
house and not the other just creates a new differential. Even.
Always even.

4. Root barriers: manage the trees without losing them.

When a large tree stands too close to the house — closer than
its mature canopy height, with roots in the foundation zone —
you have three options: remove the tree, manage the water,
or block the roots. Root barriers are the middle path that lets
you keep the tree.

A root barrier is a vertical underground wall — typically rigid
plastic or metal panels installed 3 to 5 feet deep in a trench
between the tree and the foundation. Roots hitting the barrier
turn aside instead of continuing toward the house. Installed
correctly, a barrier cuts the tree's water-theft from the
foundation zone dramatically while the tree continues to
thrive on the rest of its root system.

This isn't a weekend DIY for most people — the trench needs
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to be deep enough to matter (shallow barriers just get
undercut) and placed correctly — but it's a fraction of the cost
of foundation repair, and it addresses the actual mechanism:
localized shrinkage from root water uptake. Combined with a
perimeter watering program, it's the complete answer to the
tree problem.

5. Plumbing awareness: catch the hidden driver early.

You can't see under your slab, but you can watch for the signs
from Chapter 9: unexplained warm spots on floors, the sound
of running water with everything off, a water meter that
moves when nothing's running, foundation movement that's
localized and doesn't follow the seasons. Make a habit of
checking your water meter quarterly with everything off — it
takes five minutes and it's the cheapest leak detector ever
invented. And if you do have foundation movement evaluated,
ask whether a plumbing pressure test makes sense. Ruling a
leak in or out changes the entire diagnosis.

6. Maintenance rhythm: inspect seasonally.

Twice a year — once at the end of the dry season, once at the
end of the wet season — walk your house the way Chapter 8
taught you. Check the crack pencil-marks. Run the doors.
Look at the grading after a rain. Clean the gutters before the
spring storms. This isn't paranoia; it's the same logic as
changing your car's oil. Foundations in expansive clay are
maintained, not just built — because the soil is maintained,
through moisture management, for the life of the house.

Now, the honest limit of all of this. Everything in this chapter
manages the surface — the top few feet, the moisture you can
influence. It is genuinely valuable: good drainage and even
moisture prevent an enormous amount of differential
movement, and I'd estimate a large share of the foundation
distress I see traces back to fixable water management. Do all
of this. It's cheap, it's effective, and it's yours to control.

But prevention has a boundary, and you should know exactly
where it is: nothing in this chapter changes the active
zone. Eight to fifteen feet of breathing clay is still eight to
fifteen feet of breathing clay. Surface management narrows
the swings; it doesn't eliminate them. A brutal drought
followed by a drowning spring will still move the deep clay. A
house on high-PI soil with a thick active zone can do
everything right at the surface and still see differential
movement from the depths — because the depths don't care
about your soaker hose.

That's not a reason to skip prevention. It's the reason

prevention and repair are two different jobs. Prevention
manages the moisture you can reach. Repair — real repair —
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gets the house's weight below the moisture you can't reach,
onto ground that doesn't breathe. Which brings us to the
conclusion, and to the standard every permanent fix has to
meet.

Chapter 11: Know Your Slab:
What It's Designed to Do (and
What It Can't)

So far this book has been about the ground. But the ground is
only half of the negotiation — the other half is the structure
sitting on it. Most homeowners have never really thought
about what their foundation is: how it's built, what the steel
inside it does, and — critically — what it was never designed
to survive. This chapter fixes that, because you can't judge a
repair proposal without knowing what your foundation can
and can't do.

The slab-on-grade: what you're actually standing on.

The vast majority of Texas homes built in the last fifty years
sit on a slab-on-grade foundation: a single thick plate of
concrete poured directly on the prepared soil, with the house
framed on top of it. But "a plate of concrete" undersells the
engineering. A residential slab isn't a uniform pancake. It has
grade beams — thickened ribs of concrete running around
the perimeter and under the interior load-bearing walls,
typically 12 to 24 inches deep, where the plain slab between
them might be only 4 to 6 inches thick. Think of it like a
waffle: thin in the middle of each square, thick along the grid
lines. The grade beams carry the heavy loads — the exterior
brick veneer, the bearing walls — and the thin slab spans
between them carrying the floor loads.

The concrete itself is strong in compression — it can support
enormous weight pushing down — but weak in tension, as
Chapter 8 established. That's why every slab contains steel:
either conventional rebar (ribbed steel bars tied into a grid)
or post-tension cables (high-strength steel strands in plastic
sheaths, tensioned with a hydraulic jack after the concrete
cures). The steel's job is to carry the tension forces — to hold
the concrete together when it wants to crack apart. In a
conventional slab, the rebar is passive: it just sits there and
engages when the concrete tries to pull apart. In a
post-tension slab, the cables are actively squeezing the slab in
compression before any load ever arrives, which means
everyday bending forces have to overcome that pre-squeeze
before they can put the concrete into tension at all.
Post-tension slabs are the standard for new Texas
construction on expansive soil, and for good reason — they
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tolerate modest differential movement better than
conventional slabs.

But here is the sentence that matters: no residential slab —
rebar or post-tension — is designed to survive large
differential movement. The steel gives the slab some flex,
some ability to span a soft spot or ride a gentle swell. It does
not give the slab the ability to bend inches across a short
distance without cracking. Post-tension cables are tensioned
to a specific design force; push the slab hard enough from
below with heaving clay and you can exceed what the system
was built for. I've seen post-tension slabs cracked by heave.
The cables did their job — they held the pieces together and
kept the crack tight — but the slab still cracked, because the
ground moved more than the design allowed.

What the slab was designed to assume.

Every slab design — and I mean every one, from a 1970s
conventional slab to a modern post-tension engineered
foundation — rests on an assumption about the soil: that it
will provide reasonably uniform support and that its
movement will stay within tolerable limits. The engineer who
designed your slab picked a design method (in Texas, usually
the PTT or WRI method for expansive soils), assumed a certain
edge moisture variation distance and a certain differential soil
movement, and sized the beams and steel for that scenario.
It's good engineering. It's also a bet — a bet that the real soil
under your real house will behave like the assumed soil in the
calculation.

When the bet loses — when the PI is higher than assumed,
when a plumbing leak super-saturates one zone, when a
fifty-year oak drinks one corner dry, when a drought-to-deluge
swing exceeds anything in the design tables — the slab
experiences forces it wasn't sized for. The steel engages, does
what it can, and eventually the concrete lets go where the
tension is highest. That's your crack. The slab didn't fail
because it was poorly built. It failed because the assumption
failed — the ground did something outside the design
envelope.

This is worth internalizing because it reframes every repair
conversation you'll ever have. A contractor who proposes to
"strengthen the slab" — add steel, pour an overlay, thicken
the beams — is proposing to widen the design envelope
slightly while leaving the broken assumption in place. The
ground can still move outside the new envelope. The only
proposal that addresses the actual problem is one that stops
depending on the assumption entirely: get the load off the
moving soil and onto proven-stable support below it.

Pier-and-beam: the other Texas foundation.
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A minority of Texas homes — mostly older ones, and many in
East Texas — sit on pier-and-beam foundations: the house is
framed on wood beams supported by concrete or masonry
piers, with a crawlspace underneath. These behave
differently. The crawlspace decouples the house from direct
soil contact, so uniform swell and shrink matter less — but
differential pier settlement matters just as much, and the
wood components add their own concerns (moisture, rot,
termites). The soil science in this book still applies — the
piers still bear in or near the active zone, and expansive clay
still moves them differentially — but the symptoms and the
fixes differ. If your home is pier-and-beam, the crack-reading
in Chapter 8 still helps, but get a professional who knows that
foundation type.

The takeaway.

Your slab is a well-engineered compromise: a stiff plate with
steel reinforcement, designed to span modest soil movement
on the assumption of reasonably uniform support. It is not —
and was never meant to be — a bridge across feet of
differential heave, a wrestling opponent for swelling clay, or a
substitute for stable ground. When the ground exceeds the
design, the slab tells you with cracks. Respect what the slab
can do, understand what it can't, and judge every fix by
whether it relieves the slab of a job it was never designed for:
fighting the soil.

Chapter 12: The Professional
Evaluation: What Happens When
You Call Someone

At some point, the pencil marks on your cracks, the sticking
doors, and everything you've learned in this book may point to
the same conclusion: it's time for a professional to look at the
house. This chapter tells you what a proper evaluation
actually involves — what the professional should do, what the
measurements mean, and how to tell a real diagnosis from a
s}allles pitch. You'll never be a passive customer again after
this.

It starts with listening and looking.

A good evaluation begins the way Chapter 8 taught you to
begin: a full walk of the exterior and interior. The professional
should look at every crack you found — and find the ones you
missed. They should open and close doors and windows, note
the bind points, look at the brick, the grade beam, the
drainage, the trees, the gutters. They should ask you
questions: When did you first notice it? Does it change with
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the seasons? Any plumbing work lately? Any new trees — or
any trees removed? (Removing a big tree can cause heave, by
the way — the soil the roots were drying suddenly gets
wetter. The ground responds to change in both directions.)
Your history of the house is data. A professional who doesn't
want it isn't doing a professional evaluation.

The elevation survey: the single most important
measurement.

Then comes the instrument work, and the centerpiece is the
elevation survey. Using a precise leveling instrument
(traditionally a builder's level or a digital manometer; some
use laser systems), the technician takes floor elevation
readings on a grid across the entire slab — dozens of points,
each measured to a fraction of an inch relative to a
benchmark. Those readings get plotted as a contour map: a
topographic map of your foundation, showing exactly which
areas sit high and which sit low, and by how much.

This map is worth more than a thousand opinions. It turns
"the back corner feels low" into "the southwest corneris 1.8
inches below the high point at the northeast, with the fall
concentrated across a 12-foot span.” It distinguishes edge lift
from center lift from differential settlement geometrically —
the contour pattern of a domed center looks different from
the pattern of a dropped corner, exactly the way Chapters 6
and 7 described. And it creates a baseline: re-survey in a year,
overlay the maps, and you can see change — which is the
difference between "it moved sometime in the last decade"
and "it's moving now."

Any foundation proposal that isn't based on an elevation
survey is a guess. This is my strongest practical advice in the
book: never authorize foundation work from someone
who hasn't measured your slab's elevations. Eyeballing is
not measuring. "I've been doing this twenty years, I can see
it" is not measuring. The instrument doesn't have twenty
years of experience and doesn't need it — it has numbers.

Moisture and plumbing investigation.

Because water drives everything (Chapter 9), a proper
evaluation investigates moisture: the drainage and grading
around the perimeter, gutter discharge points, signs of
ponding, the location and size of trees. If the movement
pattern is localized or doesn't follow the seasons, a plumbing
pressure test on the supply lines and possibly a camera
inspection of the drains should be on the table. As Chapter 9
explained, ruling a leak in or out changes the entire diagnosis
— and fixing a leak before repairing a foundation isn't
optional, it's sequence. Repair the foundation over an active
leak and you're building on a problem that's still running.
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The geotechnical report: the lab work on your lot.

For a complete picture, especially before major work, there's
the geotechnical investigation: a drill rig takes soil borings
around the house — typically to 15 or 20 feet, through the full
active zone — and the samples go to a lab. The lab runs the
tests from Chapters 2 and 3: liquid limit, plastic limit,
plasticity index, moisture content at each depth, sometimes
direct swell tests that measure how much a sample expands
when wetted under load.

A geotech report tells you, in numbers, what this book taught
you in concepts: your soil's PI at each depth, where the active
zone bottoms out, how aggressive the swell potential is. It
costs real money — typically in the low four figures — and for
a straightforward residential repair it's not always required.
But understand what it is: the laboratory version of
everything in Chapters 2 through 5, run on your actual dirt.
When someone proposes to fix your foundation, the question
the geotech report answers is the question that matters: what
exactly are we building on?

Questions to ask any foundation contractor.

With your education from this book, you're equipped to
interview contractors rather than just receive bids. Ask these:

1. "Did you run an elevation survey, and can I see the contour
map?" (If no, stop. See above.)

2. "What movement pattern does the survey show —
settlement, heave, edge lift, center lift?" (They should be
able to name it and point to it on the map.)

3. "What's driving it — drainage, plumbing, trees, or just the
soil and seasons?" (They should have investigated, not
guessed.)

4. "Where does your repair bear — in the active zone or
below it?" (Below it. This is the whole book in one
question.)

5. "How do you prove the bearing capacity — by estimate, or
by refusal under load?" (You now know why refusal
matters. The installation should be the load test.)

6. "What happens to the active-zone soil after your repair —
can it still push on the slab?" (Understand exactly what the
system does and doesn't isolate.)

7. "What's the warranty, and is it transferable?" (A permanent
fix should carry a warranty that outlives your ownership —
get it in writing.)

Red flags.
Walk away — politely, promptly — from anyone who: gives

you a price without measuring; diagnoses from the driveway;
proposes a single system for every house without explaining
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why it fits yours; can't explain where their system bears;
pressures you to sign today; or badmouths every competitor
instead of explaining their own method. A professional with a
real answer welcomes your questions. You just read a book on
soil mechanics — use it. The contractor who lights up when
you ask about PI and refusal points is the contractor who
knows the ground.

One more thing: engineers.

This book has been careful about the line between field
experience and licensed engineering, and here it is again.
There are situations that call for a licensed professional
engineer: disputes (insurance claims, real estate
transactions, neighbor litigation), complex structural
questions, new construction design, and any case where
stamped drawings are required. An engineer's evaluation
typically includes the elevation survey, a review of the
geotech data, and a stamped report with recommendations. It
costs more than a contractor's free estimate and it's worth
exactly what it is: an independent, credentialed, legally
defensible opinion. Field experience reads the ground;
engineering certifies the answer. Know which one you need.

You started this book not knowing what a plasticity index was.
You're finishing it able to read a contour map, interview a
contractor, and demand proof instead of promises. That's not
a small thing. The foundation industry, like any industry,
serves educated customers better —rﬁecause educated
customers demand the standard from the Conclusion: show
me the points of resistance. Show me where the earth proved
it can hold.

Conclusion: The Refusal-Point
Standard

You've now got somethin% most homeowners never get: a
working understanding of the ground your house sits on. Soil
as an engineering material. The Atterberg limits and the
plasticity index — the numbers that predict trouble.
Montmorillonite plates drinking water and wedging apart.
The seasonal breathing of the active zone. Differential
settlement, heave, edge lift, center lift. Cracks as diagnostic
reports. The three water drivers, and the prevention
playbook.

Here's the question all of that knowledge converges on: when
a foundation needs more than prevention — when the
movement has already happened, or the soil is simply
too active for surface management — what does a real
fix look like?
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The science you just learned contains the answer, and it's the
same sentence from Chapter 1: you don't fix a foundation by
arguing with the soil. You fix it by getting past the soil.

Think about what "past the soil" means in the terms of this
book. The active zone — 8 to 15 feet of breathing clay — is the
problem layer. Everything above it moves. The fix has to
transfer the house's weight through that layer to something
below it that doesn't move. Not resist the swelling clay —
remember, it pushes with thousands of pounds per square
foot, and it never gets tired. Bypass it. Get the load down to
the point where the earth is stable, and bear there.

This is what pressed concrete piles do, and it's why the
method is built the way it is. Let me walk you through it in the
language of this book, because now you have the vocabulary
to see exactly why each detail matters.

A pressed concrete pile is a column of interlocking concrete
cylinders, driven straight down through the active zone by a
hydraulic ram. Each cylinder is 12 inches tall and about 10
inches around — which works out to roughly 122 square
inches of soil contact per cylinder (10 x 12 = 120, = 122).
They're driven one on top of another, 10 to 20 cylinders deep
— 10 to 20 feet down — which takes them through the
breathing layer and into the stable ground below it.

Now the critical part — the part this whole book has been
building toward: the piles are driven to refusal. The
hydraulic ram doesn't drive to a predetermined depth and
stop. It drives until the pile won't %o deeper — until the
ground pushes back harder than the ram pushes down. And
the ram pushes with force exceeding the structure's weight at
that point. Follow the logic: if the pile is being driven with
more force than the house will ever put on it, and the ground
stops it — then the ground at that depth has proven it can
hold more than the house asks. The installation is the load
test. There is no guessing about soil capacity, no laboratory
estimate, no hoping the numbers work out. The earth itself
gives the answer, in real time, under real load: here. I can
hold here.

I call these points of resistance — the exact depths where
each pile stops because the earth proved it can hold. Every
pile finds its own point of resistance, because the ground isn't
uniform (Chapter 4 taught you that). One pile might refuse at
12 feet; the next, seven feet away, might refuse at 17. That's
not a flaw in the method — that's the method reading the
ground the way Chapter 8 taught you to read cracks. Each
pile stops exactly where the earth proves it can hold, and no
sooner.

And then there's the skin friction — the grip between the
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concrete Cﬁlinders and the surrounding soil along the full
length of the pile. Remember the math: about 122 square
inches of earth-grip per cylinder. A 15-cylinder pile carries
roughly 1,830 square inches of contact — about 12.7 square
feet of concrete gripping the earth. That grip is what bridges
the load: the house's weight travels down the pile and
transfers into the stable ground through every inch of that
contact area, spread across the full depth. The pile isn't
balancing on a point at the bottom; it's held by the earth
alon% its entire length, with the refusal point as the final
proof.

The piles are spaced about 7 feet apart around the
foundation's load points, and each pile carries its 7-foot
tributary slice of the structure's weight — the section of wall
and slab that drains its load to that pile. It's a simple, honest
division of labor: every part of the foundation gets its own
column, every column is proven by refusal, and the whole
system bypasses the active zone entirely.

Step back and see what this means in the language of the
whole book:

* Differential settlement? Eliminated as a mechanism —
the piles don't rest on the moving layer, so uneven
movement in that layer can't bend the slab anymore. The
support points are in stable ground.

* Heave, edge lift, center lift? The swelling clay can push
against the slab all it wants — the house's weight is carried
by the piles, anchored below the push. The active zone
breathes; the house doesn't ride it.

* The moisture cycle? Still happens. Still moves the
surface inches. It just doesn't move the house anymore,
because the house is no longer asking the breathing layer
to hold it up.

* High PI? Irrelevant to the supported structure. The clay
keeps its plasticity index — nobody repealed mineralogy —
but the piles don't depend on the clay's manners. They
depend on the refusal point, proven under load.

That is the refusal-point standard: a permanent foundation
fix is one where every support point has proven, under a
force greater than the house will ever apply, that the
ground there does not move. Anything less — anything that
bears in the active zone, anything sized by estimate rather
than proven by refusal — is negotiating with the soil. And the
soil always collects.

You've spent this book learning to read the ground. Now you
know what to demand of anyone who proposes to fix what the
ground did to your house: show me the points of resistance.
Show me where the earth proved it can hold. Everything else
is just a conversation with clay.
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