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BACKGROUND

• RECENT FLOODING IN GREATER HOUSTON AREA HAS CAUSED OWNERS 

TO LIFT HOUSES OUT OF THE POSSIBLE FLOOD ELEVATION.
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BACKGROUND

• MOST HOUSES ARE FOUNDED 

ON SLAB-ON-GRADE TYPE 

FOUNDATIONS.
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BACKGROUND

• THESE FOUNDATIONS ARE NOT 

DESIGNED FOR CLEAR SPAN 

CONDITIONS THAT RESULT WHEN 

THE FOUNDATION IS LIFTED.
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BACKGROUND

• THE TYPE AND LOCATION OF SLAB 

REINFORCEMENT IN OLDER 

FOUNDATIONS IS GENERALLY NOT 

KNOWN.

• NOTE REINFORCING ON BOTTOM IN 

THIS PHOTO.

www.clark-engineers.com   jmc@clark-engineers.com   936-273-6200 5



EXAMPLE PLATE

• FOR THIS 

PRESENTATION, FOR ALL 

EXAMPLES, PLATE SIZE 

IS 12 ft. x 15.33 ft.
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STRUCTURAL IMPLICATIONS

• FOR RECTANGULAR SLABS 
SUPPORTED BY GRADE 
BEAMS ON ALL FOUR SIDES 
THE EDGE CONDITION CAN BE 
CONSIDERED AS “FIXED”.  

• I.E. THERE WILL BE NO CARRY-
OVER MOMENTS FROM 
ADJACENT SPANS SINCE THE 
BEAM STIFFENERS AT THE 
EDGES ARE SUFFICIENT TO 
ABSORB THE EDGE MOMENTS 
FROM EACH ADJACENT FLAT 
PLATE PANEL.
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FIXED EDGE AT 

GRADE BEAMS



STRUCTURAL IMPLICATIONS

• ONCE A FOUNDATION SLAB IS 

LIFTED, THE SLAB BETWEEN THE 

GRADE BEAMS IS PLACED IN TWO-

WAY BENDING.

• TWO WAY BENDING OCCURS FOR 

SLABS WHEN THE SIDES ARE 

EQUAL (a=b) UP TO ABOUT b=2a.

www.clark-engineers.com   jmc@clark-engineers.com   936-273-6200 8



STRUCTURAL IMPLICATIONS

• IF LONGER SIDE IS GREATER THAN 

TWICE THE LENGTH OF THE 

SHORT SIDE, ONE WAY BENDING 

OCCURS.

• THERE WILL BE SOME BENDING AT 

SHORT ENDS IN LONG DIRECTION.
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STRUCTURAL IMPLICATIONS

• THERE IS NO CLOSED FORM 

SOLUTION FOR TWO-WAY 

BENDING.
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CODE REQUIRED LOADS

• LIVE LOAD = 40 psf FOR RESIDENTIAL FLOORS (PER ASCE 7-10)

• OWNER OCCUPIED LIVE LOAD AVERAGE ≈12 psf

• -ETHICAL ISSUE: WHAT SHOULD EOR USE FOR LIVE LOAD?

• TEMPERATURE REINFORCING

• ACI 318 STATES THIS MUST BE SATISFIED, FOR A 4” THICK SLAB,

AST = .0018 * 12” * 4” = 0.086 in2/ft

• WELDED WIRE MESH 6x6x1.4x1.4 SUPPLIES 0.028 in2/ft

• No. 3 (60ksi) BARS MUST BE SPACED AT 14 in. TO SUPPLY 0.086 in2/ft
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SLAB CRACKING

• MOST IF NOT ALL CONCRETE SLABS ON GRADE HAVE SHRINKAGE 

CRACKS.

• SHRINKAGE CRACKS TYPICALLY FORM AT ≈15’ TO 20’ SPACING.

• IF SLAB CRACKS, TENSILE STRESS IN EXISTING REINFORCING WILL 

LIKELY BE AT YIELD DUE TWO-WAY BENDING.

• ONCE STEEL STRESS REACHES YIELD, SLAB WILL START TO DEFLECT 

EXCESSIVELY AND HANG SIMILARLY TO A CHAIN (DEPENDING ON TOTAL 

LOAD APPLIED).
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METHOD TO ANALYZE

TWO-WAY BENDING

• TIMOSHENKO – “THEORY OF PLATES AND SHELLS, 2nd Ed.”, PROVIDES 

SERIES SOLUTIONS FOR PLATES WITH VARIOUS BOUNDARY 

CONDITIONS.

• ALSO SUPPLIED BY TIMOSHENKO IS AN APPROXIMATE METHOD WITH 

EQUAL SPANS
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METHOD TO ANALYZE TWO 

WAY BENDING

• IN THIS CASE, A SLAB OF 

CONSTANT THICKNESS IS 

SUPPORTED BY A GRID OF 

GRADE BEAMS.
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FIXED EDGE (TYP)



FINITE ELEMENT METHOD

• WITH ADVENT OF  

POWERFUL DESKTOP 

COMPUTERS AND 

POWERFUL FINITE 

ELEMENT PROGRAMS, 

PLATE ANALYSIS HAS 

BECOME GREATLY 

SIMPLIFIED.
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DEFLECTION



FINITE ELEMENT METHOD

• EACH UNIQUE SIZE AND 

BOUNDARY CONDITIONS 

FOR A GIVEN LOAD MUST 

BE MODELED.

• CAN BE TIME CONSUMING.

• ALSO, INTERIOR PIER 

SUPPORTS MUST BE 

CAREFULLY MODELED.
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MX ALONG Y-AXIS



FINITE ELEMENT METHOD

• AND YOU NEED TO HAVE 

A STRUCTURAL 

ANALYSIS PROGRAM 

SUCH AS VISUAL 

ANALYSIS, SAPP etc. 

WHICH CAN BE COSTLY, 

ESPECIALLY IF THERE IS 

NO OTHER NEED FOR 

THIS TYPE OF PROGRAM.
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MY ALONG X-AXIS



MOMENT AND SHEAR COEFFICIENTS 

DEVELOPED FROM FINITE DIFFERENCE 

METHOD
• ANOTHER METHOD TO SOLVE PLATE ANALYSIS IS 

BY USE OF THE FINITE DIFFERENT METHOD.  SEE 

e.g. GERALD, APPLIED NUMERICAL ANALYSIS.

• IN 1960 US DEPT. OF INTERIOR, BUREAU OF 

RECLAMATION PUBLISHED ENGINEERING 

MONOGRAPH NO. 27, “MOMENTS AND REACTIONS 

FOR RECTANGULAR PLATES. DEVELOPED BY 

FINITE DIFFERENCE METHOD.
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MOMENT AND SHEAR COEFFICIENTS 

DEVELOPED FROM FINITE 

DIFFERENCE METHOD
https://www.usbr.gov/tsc/techreferenc

es/hydraulics_lab/pubs/EM/EM27.pdf
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MOMENT AND SHEAR COEFFICIENTS 

DEVELOPED FROM FINITE DIFFERENCE 

METHOD
• TABLES OF MOMENT 

COEFFICIENTS FOR MX 

AND MY ARE PROVIDED 

FOR a/b RATIOS OF ⅜, ½, ⅝, 

¾, ⅞, & 1 WHERE a IS THE 

SHORTER SIDE AND b IS 

THE LONGER SIDE.

www.clark-engineers.com   jmc@clark-engineers.com   936-273-6200 20

a
b

x

y

My

Mx



MATHCAD METHOD

• CLARK ENGINEERS HAS DEVELOPED A MATHCAD TEMPLATE USING THE 

TABLES ON PG. 40, FIG. 34 FOR FIXED EDGES WITH UNIFORM LOAD. BOTH 

DEAD LOAD AND TOTAL LOAD ARE CONSIDERED.

• LIVE LOAD MAY BE FACTORED BY PERCENT TO STUDY EFFECT OF 

VARIOUS CONDITIONS.

• THE SHEET USES SURFACE POLYNOMIALS FOR EACH SET OF 

COEFFICIENTS FOR SPECIFIC a/b RATIO, THEN USES THE INTERPOLATION 

FUNCTION TO COMPUTE COEFFICIENTS FOR A CURRENT RATIO OF a’/b’.
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MATHCAD METHOD - SURFACE 

PLOTS FOR MOMENT COEFFICIENTS
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TABLE VALUES: SYMMETRY

• PLOTS ARE FOR BOTTOM LEFT 

QUADRANT OF THE PLATE, VALUES 

ARE QUADRI-SYMMETRIC FOR A 

PLATE WITH UNIFORM PRESSURE.

• FOR ANALYSIS RESULTS, THE FULL 

PLATE SOLUTION IS PROVIDED BY 

APPROPRIATE REFLECTION ABOUT 

CENTER AXIS.
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AREA FOR

SURFACE PLOTS



COMPARE FEA TO MATHCAD

• MAXIMUM EDGE MOMENTS OCCUR AT MID LENGTH OF THE SIDES.

• REACTION COEFFICIENTS ARE COMPUTED BY LINEAR INTERPOLATION 
FOR CURRENT RATIO a’/b’.

• RESULTS OF THE MATHCAD TEMPLATE WERE COMPARED TO FEA 
RESULTS OF A PLATE OF DIMENSIONS 12 FT.X15.33 FT. WITH AN 8 INCH 
GRID. 

• THE MCAD TEMPLATE HAD MAXIMUM MOMENTS THAT WERE ABOUT 12-
14% HIGHER THAN THE FEA RESULTS FROM VA MODEL SO MATHCAD 
TEMPLATE IS MORE CONSERVATIVE. BOTH RESULTS ARE CONSIDERED 
REASONABLE.
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COMPARE FEA TO MCAD RESULTS 

FOR 12 ft. x 15.33 ft.
MAXIMUM MOMENT

(lbs. ft. /ft.)

FEA MCAD %DIFF.

MX 757 859 12%

MY 617 703 14%

DEFLECTION+ (in) 0.033 .079+ same order of magnitude
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+ USING METHOD IN ROARK’S FORMULAS FOR STRESS AND 

STRAIN 6th Ed., TABLE 26, CASE 8a.



EDGE REACTIONS

(FOR CURRENT a & b)

• REACTIONS ARE PLOTTED FOR 

EACH PLATE AXIS x and y.

• MOMENTS ARE COMPUTED AT 

THE CENTER SPAN FOR A 

SIMPLE BEAM (FOR USE IF 

USING INTERMEDIATE BEAM 

SUPPORTS AFTER SLAB IS 

LIFTED)
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SHEAR CHECK
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MOMENTS AND SHEARS FOR AN 

INTERMEDIATE STEEL BEAM
• VALUES SHOWN ARE FOR 

CURRENT VALUES OF a & b.

• a = 12’, b = 15.33’

• TO ADD ONE BEAM IN SHORT 
DIRECTION, NEW DIMENSIONS 
ARE:

a = 7.67’, b = 12’

• LOAD IS DOUBLED FOR LOAD 
FROM BOTH SIDES.
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b = 12'

a = 7.67'

ADDED BEAM



INTERMEDIATE STEEL BEAM
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INPUTS FOR MATHCAD SHEET

• GEOMETRY

• CLEAR SPANS a & b (TYPICALLY FEET., ANY UNIT SYSTEM IS OK)

• SLAB THICKNESS (TYPICALLY INCHES, ANY UNIT IS OK)
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INPUTS FOR MATHCAD SHEET

• ENTER LIVE LOAD, PERCENT OF LIVE LOAD, AND LOAD FACTORS 

FOR USD.
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INPUTS FOR MATHCAD SHEET

• A CHECK FOR VALID DIMENSIONS IS PROVIDED, b MUST BE GREATER 

THAN OR EQUAL TO a.
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SHEET GIVES ERROR IF a > b.



INPUTS FOR MATHCAD SHEET
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INPUTS FOR MATHCAD SHEET
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INPUTS FOR MATHCAD SHEET
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REINFORCING

www.clark-engineers.com   jmc@clark-engineers.com   936-273-6200 36

AREA OF STEEL FURNISHED FOR WELDED WIRE MESH (WWM)



REINFORCING
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• COMPUTE BAR DIAMETER OF WELDED WIRE MESH FROM AS PER 

FOOT IN WELDED WIRE MESH.



STRUCTURAL PLAIN CONCRETE (SPC)

• FROM ACI 318

• ELEVATED SLABS ARE NOT

INCLUDED IN SPC.
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POST TENSIONED REINFORCING

• FOR TEE BEAMS, 

EFFECTIVE WIDTH EACH 

SIDE & BEAM IS TAKEN AS 

8*tSLAB. SO, PAST THE 

EFFECTIVE WIDTH OF TEE, 

SLAB BENDS ABOUT IT’S 

OWN NEUTRAL AXIS.
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POST TENSIONED REINFORCING

• THUS ONLY SLAB STRANDS

ARE CONSIDERED IN 

COMPUTING SLAB STRESS.

• TO CONSIDER EFFECT OF 

BEAM USE ADDED 

PRESTRESS IN NEXT 

SECTION.
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PRE-STRESSED OPTION

• SINCE NEW CABLES CAN BE ADDED THE 

TEE BEAM IS CONSIDERED EFFECTIVE.
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DRILL HOLE

ADD PVC SLEEVE

OPTIONAL

BOTTOM

CABLES

CABLECABLE

PVC SLEEVECABLE

6"x6"x1
2" PLATE

PLAN VIEW



PRESTRESSED OPTION

• IF POSSIBLE KEEP SLAB CABLES 
ABOVE NEUTRAL AXIS (NA) OF 
COMBINED NEUTRAL AXIS OR AS 
CLOSE TO NEUTRAL AXIS AS 
POSSIBLE.
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RESULTS

ANALYSIS RESULTS ARE SUPPLIED FOR DEAD LOAD AND TOTAL LOAD

FOR:

1. RESULTANT MOMENTS ACROSS THE SLAB (LIVE LOAD MAY BE 

FACTORED UP OR DOWN).

2. CONCRETE STRESS USING FULL UNCRACKED SECTION

- SHOWN FOR REFERENCE ONLY.

3. STRESS IN EXISTING REINFORCING (WSD) FOR CRACKED SECTION.

4. POST TENSIONED STRESS IN EXISTING REINFORCING FOR CRACKED 

SECTION (STRESS IN TOP OF SLAB).

WSD: WORKING STRESS DESIGN
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RESULTS

RESULTS ARE SUPPLIED FOR DEAD LOAD AND TOTAL LOAD FOR:

5. ADDED PRESTRESSING STRESS IN CONCRETE

(STRESS IN TOP OF SLAB).

6. ULTIMATE STRENGTH DESIGN – AS REQUIRED AND BAR SPACING 

(FOR SPECIFIED BAR DIAMETER).

7. RESULTS FOR INTERMEDIATE PIER (EXAMPLE).
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APPLIED MOMENTS
• SHADING IS USED TO DIFFERENTIATE POSITIVE AND NEGATIVE 

MOMENTS.

• DEAD LOAD 
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APPLIED MOMENTS
• TOTAL LOAD
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UNCRACKED SECTION

CONCRETE STRESS (TOP)
(STRUCTURAL PLAIN CONCRETE (SPC) – REFERENCE ONLY)
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NOTE: STRESS VERY CLOSE TO TENSILE STRENGTH 



CHECK TENSILE STRESS IN 

REINFORCING – CRACKED SECTION

• CRACKED SECTION:

• PRIOR TO CRACKING ALL STRESS IS TAKEN BY THE CONCRETE.

• ONCE THE CONCRETE CRACKS THE TENSILE REINFORCING 

BECOMES EFFECTIVE IN RESISTING BENDING.

• SHADING OF RESULTS SHOWN:

• RED FONT/PINK SHADE FOR fs = >Fy

• BROWN FONT/ YELLOW SHADE FOR fs > Fall

• BLACK FONT/ NO SHADE FOR fs ≤ Fall
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CHECK TENSILE STRESS IN 

REINFORCING – CRACKED SECTION
(MAX STRESS IN REINFORCING FOR MX OR MY IS REPORTED FOR WWM)
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POST TENSIONED RESULTS

• RESULTS ARE PROVIDED FOR TOP STRESS IN SLAB.

• STRESS IS CHECKED AGAINST ALLOWABLE CONCRETE TENSILE 

STRESS.

• BOTTOM OF SLAB STRESS CAN BE REPORTED.
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POST-TENSIONED RESULTS STRESS IN 

TOP OF SLAB
(MAXIMUM NEGATIVE TENSION IS SHOWN FOR EACH DIRECTION x OR y)
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MIN. PT STRESS = 100psi FOR TEMPERATURE REINFORCING AND 125psi FOR TWO WAY SLABS.



ADDED PRESTRESSING RESULTS

• RESULTS ARE PROVIDED FOR TOP STRESS IN SLAB. STRESS IS 

CHECKED AGAINST ALLOWABLE TENSILE STRESS.

• BOTTOM OF SLAB STRESS IS CALCULATED AND CAN BE REPORTED IF 

NEEDED.
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ADDED PRESTRESSING RESULTS

IN TOP OF SLAB
(MAXIMUM NEGATIVE TENSION IS SHOWN FOR EACH DIRECTION x OR y)
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MIN. PT STRESS = 100psi FOR TEMPERATURE REINFORCING AND 125psi FOR TWO WAY SLABS.



DESIGN OF REINFORCING 

USING USD METHOD

• AS A CHECK, THE REINFORCING IS DESIGNED USING USD METHOD.

• LOAD FACTORS

• LFDL = 1.2    LFLL = 1.6

• Øb = 0.9

• ØT = .00188(60/Fy)

• AREA REINFORCING REQUIRED INCLUDES TEMPERATURE REINFORCING.

• USD CHECK HAS SEPARATE BAR COVER DEPTH INPUT.

• USD % ULTIMATE STRENGTH DESIGN.
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USD RESULTS
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INTERMEDIATE PIER ANALYSIS

• INTERMEDIATE PIERS

• THERE ARE NO PUBLISHED 

NUMERICAL METHODS FOR 

INTERMEDIATE PIERS FOR 

PLATES WITH FIXED EDGES.
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INTERMEDIATE PIER ANALYSIS

• INTERMEDIATE PIERS ON SLABS 

WITHOUT BEAMS.

• MUST USE FEA OR SIMPLIFIED 

METHOD TO ANALYZE (???).

• EXISTING REINFORCING WILL 

IN GENERAL NOT BE 

SUFFICIENT FOR 

INTERMEDIATE PIERS.
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INTERMEDIATE PIER ANALYSIS
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MODEL DEFLECTION

FEA EXAMPLE: a = 12’ b = 15.33’ PIER IN CENTER



INTERMEDIATE PIER ANALYSIS
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MX(kip ft/ft) MY(kip ft/ft)



INTERMEDIATE PIER ANALYSIS
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VX(kip/ft) VY(kip/ft)



INTERMEDIATE PIER ANALYSIS
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UNCRACKED STRESS RESULTS



INTERMEDIATE PIER ANALYSIS

• CAN ONLY BE USED 

FOR a/b = .783

• OTHER GEOMETRIES 

WILL HAVE SIMILAR 

VALUES
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INTERMEDIATE PIER ANALYSIS
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PIER
tSLAB45°



INTERMEDIATE PIER ANALYSIS

• CAN ONLY BE USED FOR a/b = .783

• OTHER GEOMETRIES WILL HAVE SIMILAR VALUES
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Back Calculated Shear Coefficients for Pier

αx 2.1833= αy 2.1113=

V'xp αx wTL ap:= V'xp 0.786kip=

V'yp αy wTL bp:= V'yp 0.971kip=



INTERMEDIATE PIER ANALYSIS

• EXCEEDS YIELD STRESS
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WSD CHECK



INTERMEDIATE PIER ANALYSIS
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INTERMEDIATE PIER ANALYSIS
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USD CHECK



RECOMMENDATIONS

• ACCURATELY DETERMINE SIZE, SPACING, AND DEPTH OF SLAB 

REINFORCING – e.g. GPR AS WELL AS SLAB THICKNESS AND LOCATION 

OF GRADE BEAMS

• ITERATE ON SLAB SIZE (a & b), CHECK – BY SUBDIVIDING PLATE UNTIL 

ALLOWABLE TENSILE STRESS IS SATISFIED.

GPR: GROUND PENETRATING RADAR

www.clark-engineers.com   jmc@clark-engineers.com   936-273-6200 68



EXAMPLES OF ADDING 

INTERMEDIATE BEAMS
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BAR STRESS FOR INITIAL PLATE SIZE BAR STRESS WITH 2 INTERMEDIATE BEAMS

a = 5.11 ft, b = 12 ft



RECOMMENDATIONS

• DO NOT DESIGN FOR STRUCTURAL PLAIN 

CONCRETE (SPC) PER ACI 318 22.2.1

• OK TO CONSIDER SPC FOR LIFTING 

CONDITIONS.

• DESIGN FOR CODE SPECIFIED LIVE LOAD 

OF  40 psf.

• IF SLAB WILL CRACK DURING LIFTING. ADD 

TEMPORARY REINFORCING ON TOP OF 

SLAB. BOLT BEAM TO FLOOR WITH HILTI 

ANCHOR BOLTS (S).
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TEMPORARY STEEL 

BEAM ON TOP



RECOMMENDATIONS

• INTERMEDIATE BEAMS MAY NOT SATISFY TEMPERATURE REINFORCING.
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LESSONS LEARNED

• EOR IS RESPONSIBLE TO PROVIDE APPROPRIATE DETAILS 

FOR TEMPERATURE REINFORCING.

• ULTIMATE STRENGTH DESIGN (USD)

• MINIMUM REINFORCING FOR GIVEN SPANS a AND b CAN EASILY BE 

DETERMINED BY USD METHOD FOR SPECIFIED BAR DIAMETER AND 

SPACING IS SUPPLIED.
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RECOMMENDATIONS

• FOR SLABS THAT DO NOT HAVE 

ADEQUATE REINFORCING TO 

SATISFY TOTAL LOAD, ADD 

INTERMEDIATE BEAMS AT 

APPROPRIATE SPACING.

• BOLT BEAM ENDS TO GRADE 

BEAMS, ENSURE UNIFORM 

CONTACT TO BOTTOM OF SLAB.

• VERIFY TEMPERATURE 

REINFORCING AND DETAILS.
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ADDED

INTERMEDIATE

BEAMS



SOME LESSONS LEARNED

• POST TENSIONED

• IT IS POSSIBLE THAT EXISTING POST TENSIONED SLABS WILL HAVE 

ADEQUATE REINFORCING FOR CLEAR SPANS DEPENDING ON SLAB 

SPANS.

• CHECK TO SATISFY 100psi PRESTRESS AFTER LOSSES FOR 

TEMPERATURE.

• CHECK TENSILE STRESS LESS THAN CRACKING STRESS.

• ACI SPECIFIES THAT TWO-WAY SLABS SHALL HAVE 125psi EFFECTIVE 

PRESTRESS (ACI 318 8.6.2.1).

• ADDED PRESTRESS CABLES MAY BE REQUIRED TO SATISFY MIN. 

PRESTRESS.
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SOME LESSONS LEARNED

• PRESTRESS REINFORCING

• IT IS POSSIBLE TO ADD PRESTRESS REINFORCING INSTEAD OF 

INTERMEDIATE BEAMS.

• FEASIBILITY WILL BE BASED ON COST COMPARISON BETWEEN TWO 

OPTIONS.

• CHECK TO SATISFY 125psi MIN. PRESTRESS.
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SOME LESSONS LEARNED

• PRESTRESS REINFORCING DETAILS AND SKETCHES.

• CHECK TENSILE STRESS LESS THAN CRACKING STRESS.

• NEW CABLES SHOULD BE PLACED IN PVC TUBES, GROUT IF 

POSSIBLE.
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SOME LESSONS LEARNED

• INTERMEDIATE PIERS ON SLABS 

WITHOUT BEAMS.

• MUST USE FEA OR SIMPLIFIED 

METHOD TO ANALYZE (???).

• EXISTING REINFORCING WILL IN 

GENERAL NOT BE SUFFICIENT FOR 

INTERMEDIATE PIERS.
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SOME LESSONS LEARNED

• UNCRACKED SECTIONS WILL 

PROBABLY NOT CRACK WITH PIER

• PUNCHING SHEAR STRESS LIKELY 

WILL BE ADEQUATE

• INTERMEDIATE PIERS WILL 

PROBABLY WORK WITH POST 

TENSIONED AND ADDED 

PRESTRESSED OPTIONS.
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SOME LESSONS LEARNED

• UNCRACKED SECTION MAY BE OK FOR LIFTING.

• UNCRACKED SECTION WILL LIKELY BE CLOSE TO MAXIMUM TENSILE 

STRESS AT TOTAL LOAD (FOR REFERENCE ONLY).

• MOST IF NOT ALL REINFORCED CONCRETE SLABS HAVE SHRINKAGE 

CRACKS.

• SHRINKAGE CRACKS TYPICALLY FORM AT ≈15’ TO 20’ SPACING.
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SOME LESSONS LEARNED

• IF SLAB CRACKS, TENSILE STRESS IN EXISTING REINFORCING WILL 

LIKELY BE AT YIELD IN TWO WAY BENDING.

• ONCE STEEL STRESS REACHES YIELD, SLAB WILL START TO DEFLECT 

EXCESSIVELY AND HANG SIMILARLY TO A CHAIN UNDER TOTAL LOAD

• YIELDING MAY NOT OCCUR UNDER NORMAL LIVE LOAD (≈12 psf).
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SOME LESSONS LEARNED

• IF SLAB IS UNCRACKED, CAN SPAN ABOUT (±) 15 ft IN TWO WAY BENDING.

• IF SLAB IS CRACKED, EXISTING REINFORCING WILL GENERALLY NOT BE 

ADEQUATE.

• WELDED WIRE MESH (WWM) WILL GENERALLY NOT BE ADEQUATE FOR 

SPANS OVER ABOUT 4 ft. SHORT SPAN (WWM AT MID DEPTH).

• LOCATION AND SIZE OF REINFORCING IS GENERALLY NOT KNOWN AND 

SHOULD BE VERIFIED BY GROUND PENETRATING RADAR (GPR) OR 

OTHER APPROPRIATE METHODS, e.g. TAKE CORE SAMPLES.
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SOME LESSONS LEARNED

• EDGE SHEAR WILL GENERALLY NOT CONTROL DESIGNS OF TWO WAY 

SLABS.

• POST-TENSIONED SLABS WILL MOST LIKELY BE OK FOR LIFTING FOR 

SPANS UP TO ABOUT 15 FT. OR SO.
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SOME LESSONS LEARNED

• CHECK EXISTING POST TENSIONED SLAB

• DESIGN ADDED PRESTRESSED REINFORCING AS APPROPRIATE.

• DESIGN INTERMEDIATE BEAMS.

• MCAD TEMPLATES ARE AN EXCELLENT TOOL FOR FAST PRELIMINARY 

DESIGN AND FOR COST ESTIMATES.

• FINAL DESIGN IS RESPONSIBILITY OF EOR.

www.clark-engineers.com   jmc@clark-engineers.com   936-273-6200 83



CAUTION:

SOME FINAL THOUGHTS
• RAISED SLABS THAT ARE CHECKED USING STRUCTURAL PLAIN 

CONCRETE (SPC) MAY BE OPERATING CLOSE TO FAILURE.

• THIS DOES NOT COMPLY WITH ACI CODE AND MOST LIKELY DOES NOT 
COMPLY WITH IBC OR SPECIFIED LIVE LOAD OF 40 psf (ASCE 7-10).

• AN OWNER MAY ADD A VERY HEAVY LOAD SUCH AS A GRAND PIANO OR 
POOL TABLE THAT CAUSES A RAISED SLAB TO FAIL IF NOT ADEQUATELY 
REINFORCED.

• A RAISED SLAB THAT FAILS WHICH IS NOT DESIGNED ACCORDING TO IBC 
AND ACI WILL CAUSE EOR AND CONTRACTOR A SIGNIFICANT AMOUNT 
OF GRIEF.
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CAUTION:

SOME FINAL THOUGHTS

• SLABS WITH WWM WILL MOST LIKELY NOT HAVE ADEQUATE 

TEMPERATURE REINFORCING.

• A RAISED SLAB IS MORE SUSCEPTIBLE TO TEMPERATURE CHANGE 

THAN A SLAB ON GRADE.

• EXISTING REINFORCING SUCH AS #3s @ 12” EACH WAY WILL NOT BE 

ADEQUATE FOR TYPICAL GRADE BEAM SPACING, SO INTERMEDIATE 

BEAMS ARE REQUIRED.
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HISTORICAL COMMENTS

• SOME FOUNDATION REPAIR CONTRACTORS HAVE RAISED DOZENS OF 

SLABS ON GRADE.

• THEY REPORT THAT OFTEN THE SLABS HAVE CONTINUOUS VOIDS 

BETWEEN GRADE BEAMS WITH OUT CRACKS.

• WHY DO THESE SLABS WORK?
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HISTORICAL COMMENTS

• DESIGN LIVE LOAD IS 40 psf

• OWNER OCCUPIED LIVE LOAD ≈12 psf FROM ASCE 7-10

TABLE C4-2, pg. 414

• LIVE LOAD = 6.0 psf CONSTANT +6.0 psf TRANSIENT
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HISTORICAL COMMENTS

• TWO CASES ARE SHOWN BELOW FOR STRUCTURAL PLAIN CONCRETE 

(SPC) BENDING STRESS 40 psf LIVE LOAD AND 12 psf LIVE LOAD.
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HISTORICAL COMMENTS

• MAX STRESS IS 98% OF CRACKING AT 40 psf AND JUST 67% AT 12 psf.
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HISTORICAL COMMENTS

• ONCE THE CONCRETE CRACKS THE REINFORCING WILL IMMEDIATELY 

BE STRESSED.

• THE STRESSES ARE SHOWN BELOW FOR WWM, WITH REINFORCEMENT 

AT MID DEPTH OF SLAB FOR 40 psf AND 12 psf.
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HISTORICAL COMMENTS

• IN BOTH CASES THE WWM YIELDS WHEN CRACKING OCCURS.
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HISTORICAL COMMENTS

• CALCULATIONS ARE BASED ON:

1. 4 INCH THICK (VARIES FOR SLABS ON GRADE). 

2. STEEL REINFORCING IS NOT DEVELOPED IN AN UNCRACKED 

SECTION.

3. CONCRETE HAS 3000 psi COMPRESSIVE STRENGTH (VARIES).

e.g. OLDER SLABS MAY BE 2500 psi.

4. THESE EXACT DIMENSIONS (a=12 ft, b=15.33ft), FOR DIFFERENT 

SLAB DIMENSIONS, STRESSES WILL BE DIFFERENT.
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HISTORICAL COMMENTS

• THERE IS NOT ENOUGH LIVE LOAD TO CAUSE CRACKING AT 12 PSF, 

EVEN WITH LARGER CLEAR SPANS. 

• THIS IS WHY THERE ARE NO OBSERVED PROBLEMS IN THE DOZENS OF 

SLABS THAT HAVE BEEN LIFTED.

• WITH FULL LIVE LOAD AS SPECIFIED BY CODE, PREDICTED STRESSES 

ARE VERY CLOSE TO FAILURE FOR 12’x15.33’ RECTANGULAR SLAB. 

• A GARAGE WITH 20 TO 30 psf FOR CARS IS STILL WELL WITHIN THE 

ALLOWABLE CRACKING LIMIT. 

• ONCE A SLAB CRACKS, THE STEEL REINFORCING IS ACTIVATED AND 

WILL QUICKLY REACH YIELD STRESS. 
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HISTORICAL COMMENTS

• FOR AN UNDER-REINFORCED SLAB (WWM) RAISED SLAB DOES NOT 
HAVE ADEQUATE FACTOR OF SAFETY AND IS CONSIDERED TO BE A LIFE 
SAFETY ISSUE.

• SPC IS NOT PERMITTED FOR ELEVATED SLABS PER ACI 318-14 22.2.1

• SLABS WITH WELDED WIRE MESH (WWM) WILL FAIL ALMOST 
IMMEDIATELY ONCE THE SLAB CRACKS.

• SLABS WITH REBAR (e.g. #3s @ 12”) WILL TAKE LONGER TO FAIL.

• SLABS WITH WWM WILL NOT HAVE SUFFICIENT TEMPERATURE 
REINFORCING AS REQUIRED BY CODE.
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HISTORICAL COMMENTS

• A PHILOSOPHICAL QUESTION TO CONSIDER IS: WHAT ARE HOME 

OWNERS REASONABLY EXPECTING FOR COMPLETED REPAIRS? 

a) IT WORKS AND THIS ALL I CARE ABOUT; OR 

b) I EXPECT THIS REPAIR TO COMPLY WITH THE GOVERNING 

BUILDING CODE WITH APPROPRIATE FACTOR OF SAFETY. 

• ENGINEERS MUST DESIGN TO THE CODE SPECIFIED LOAD OF 40 psf 

REGARDLESS OF WHAT A LOWER OR NORMALLY EXPECTED LOAD THAT 

IS ACTUALLY PLACED ON A STRUCTURE. 
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HISTORICAL COMMENTS

• IF A NEW OWNER PLACES A HEAVY PIANO, A POOL TABLE OR HEAVILY 

LOADED BOOK CASES ON THE ELEVATED SLAB AS SOME PRACTICAL 

EXAMPLES, THIS TYPE OF LOAD COULD BE ENOUGH TO CAUSE THE 

SLAB TO CRACK. 

• ELEVATED FOUNDATION SLABS MUST BE DESIGNED FOR 40 PSF LIVE 

LOAD PER METHODS SPECIFIED IN ASCE 7-10, ACI 318 AND IBC 12 (OR 

SEE LATEST HOUSTON BUILDING CODE).

• THIS INCLUDES SUFFICIENT REINFORCING FOR BOTH GRAVITY 

STRUCTURAL LOADS AND TEMPERATURE LOADS.
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CONCLUSIONS

• FOR SLABS WITH WWM REINFORCING, BEST STRUCTURAL OPTION TO 
SATISFY IBC AND ACI 318 MAY BE TO ADD PRESTRESSING.

• FOR SLABS WITH #3s AT e.g. 12 INCH SPACING FOR TEMPERATURE, BEST 
OPTION APPEARS TO BE ADDING INTERMEDIATE BEAMS OR ADDING 
PRESTRESSING.

• FOR POST TENSIONED SLABS BEST OPTION APPEARS TO BE ADDING 
ADDITIONAL PRESTRESSING TO SATISFY IBC AND ACI.

• IT APPEARS THAT ADDING INTERMEDIATE BEAMS IS A BETTER SCHEME 
THAN ADDING INTERMEDIATE PIERS AND ITS MUCH EASIER TO ANALYZE.
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MATHCAD DESIGN TOOL FOR 

ELEVATED CONCRETE SLABS

BY CLARK ENGINEERS
• EXCELLENT FOR PRELIMINARY DESIGN FOR COST ESTIMATES.

• MAKES DESIGN CHECKS FAST AND EASY.

• EASILY CHECK EXISTING REINFORCING.

• EASILY SIZE INTERMEDIATE BEAMS.

• EASILY DESIGN ADDED PRESTRESSING.

• MCAD SHEET IS NOT A SUBSTITUTE FOR SOUND ENGINEERING 
JUDGEMENT.

• THE EOR IS RESPONSIBLE FOR THE FINAL DESIGN.

www.clark-engineers.com   jmc@clark-engineers.com   936-273-6200 98



MCAD DESIGN TOOL BY 

CLARK ENGINEERS

• CONTACT CLARK ENGINEERS FOR QUICK PRELIMINARY 

DESIGN CHECKS AND TO HELP IN COSTING.

• CONTACT CLARK ENGINEERS FOR PRICING ON MCAD 

TEMPLATES.
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MATHCAD SHEETS
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http://structuralanalysismcad.com/

info@structuralanalysismcad.com

Design Tools
•Structural Analysis and Design

2D Matrix Structural Analysis

Bulkhead / Laterally Loaded Pier Design

Reinforced Concrete Beam

Reinforced Concrete Column

Steel Base Plate Design w/ multiple rows

Anchor Bolt Design

Beam on Elastic Foundation

Wind Load on a Pole / Stack / Sign

PTI Foundation Design (Post Tension)

•FRP Tanks and Equipment

Chem Tank Design

Horizontal Chem Tank Design

Elevated Tanks

FRP Stack and Base Design

RTP-1 Laminate Property Calculator

Custom Design and Costing Sheets

OTHER DESIGN TOOLS AVAILABLE



CLARK ENGINEERS, INC.

www.clark-engineers.com

jmc@clark-engineers.com

936-273-6200
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