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Complex and Innovative Structural Repair
of Severely Damaged, 1917 era School Structures



A comprehensive renovation of two existing, 1917-era
concrete-framed, historic school buildings in a
Midwestern city resulted in serious structural
problems.



The structural problems were severe enough to
require evacuation and complete closure of one of
the buildings, and portions of the other, until
comprehensive structural repairs could be made.



Existing long span, one-way, concrete pan joist
floor systems were severely overloaded, and
cracked extensively as a result.
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NOTES:

f'o= 2,100 PSI - 2ND FLOOR

f'o= 2500 P31 - 3RD FLOOR

STEEL = ASTM ATS-#4,
"STRUCTURAL GRADE"
(Fy= 33,000 psi)

240
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Y@ SMOOTH
BARS @ 18" O.C.

Vertical Section Thru Typical Floor Joist Slab System
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See next Figure
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Concrete lintel over
windows, with
masonry above

Load bearing, brick
masonry and structural
clay tile exterior wall

Load bearing,
structural clay tile
interior corridor wall

Typical interior joist
framing into window lintel
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ROTATING
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Cross Section Thru The Typical Concrete Floor Slab &
Joist System Illustration Simple Span Behavior




REVERSE CURVATURE
DEFLECTED SHAFE

ORIGINAL PROFILE WITH NO
LOAD

LARGE CRACKS DUE TO
DIAGONAL TENSION / FLEXURE

h
/ \\ CLAMPING FORCE

FPROVIDED BY
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' 4'7|\ LOAD IN THE
il WALL

CONCRETE DESTRIBUTION
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TYPICAL, YERY MINOR
FLEXUAL (BENDING) CRACKS

Cross Section Thru Concrete Floor Slab & Joist System Illustrating
the Actual Behavior in This Building (At Window Locations)
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Concrete lintel over
windows, with
masonry above

Load bearing, brick
masonry and structural
clay tile exterior wall

Typical interior joist
framing into exterior wall

Load bearing,
structural clay tile
interior corridor wall




TYPICAL, VERY MINOR
FLEXUAL (BENDING) CRACKS

TYPICAL, VERY MINOR
FLEXUAL (BENDING) CRACKS

TYPICAL, VERY MINOR
FLEXUAL (BENDING) CRACKS

CONCRETE
LINTEL

ROTATION 15 \ \ 4_\//

RESTRAINED BY

WALL AND AXIAL \
LOAD IN THE TYPICAL, VERY MINOR

WALL FLEXUAL (BENDING) CRACKS

Cross Section Thru Concrete Floor Slab & Joist System Illustrating
the Actual Behavior in This Building (Away From Window Locations)
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Transverse Cross Section Thru a Typical Concrete Floor
Slab and Joist System as Actually Performing
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Transverse Cross Section Thru a Typical Concrete Floor
Slab and Joist System as Actually Performing
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Slab and Joist System as Actually Performing
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The initial portion of the repair program provided load
relief to the severely distressed slab systems through

careful removal of the concrete topping that had been
added in the renovation program.



That was followed extensive structural epoxy injection of
cracks throughout the floor slab and joists.
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The structural repairs included use of carbon fiber
reinforcing to provide additional shear strength to the ends
of the historic concrete floor joists.
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The most important aspect of the repair of the floor slab
systems included use of external post-tensioned

reinforcement to strengthen the ends of the floor joists in
the negative moment regions.



INSIDE FACE OF
STRUCTURAL CLAYTILE
WALL

NEWY EXTERNAL
JOIST
REINFORCEMENT
EACH SIDE OF WEB

Side Elevation- Concrete Joist Strengthening Detail

T2 =10
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DYWIDAG HEX NUT AND LOCK NUT.
HAND-TIGHTEN NUT THEN ROTATE
NUT 1 1/2 FULL TURNS WITH
WRENCH, THEN INSTALL LOCK NUT
THIGHTLY AGAINST HEX NUT EXISTING CONCRETE SLAB

& JOIST FLOOR SYSTEM

i

! 7
</ 3

1" R WASHER

/ —— € NO, 6 DYWIDAG
THREADBAR {GRADE 60},
EACH SIDE OF JOIST WEB (2
REQD PER JOIST)

=

NEW 1"x3"x6" BEARING R_{A36}—"]

NEW MC6x16.3 - EACH SID
OF JOIST WEB (A36)

Partial Side Elevation of Concrete Joist- Showing New Channel
Anchorage for Strengthening Rods

11/2" =1'-0"









CONTRACTOR TO GRIND OFF
CONCRETE FILLET TO
ALLOW FOR INSTALLATION

WORKINGRCINT OF NEW MC6 BRACKET
\ —— DYWIDAG STRENGTHENING ROD

¢ 1 172" DIA A36
STEEL
ROD-THREADED 3"
AT BOTH ENDS

G 11/2"DIA. HOLE IN JOIST

HAND TIGHTEN DOUBLE
NUT EACH SIDE OF
JOIST; BURR THREADS
TO PREVENT NUT
REMOVAL

STANDARD
CIRCULAR
11/4" DIA. DRILLED HOLE IN HARDENED WASHER

JOIST; CLEAN OUT WITH OIL-
FREE COMPRESSED AIR; CUSTOM FABRICATED A36

INSERT BOLT; FILL ANNULAR STEEL P - BEVELED
SPACE IN JOIST AROUND WASHER. 1" MIN.

BOLT WITH GEL EPOXY THICKNESS x 2" x2" SQUARE
NEW MC 6 BRACKET

CONTRACTCR TO FIELD
VERIFY SLOPE OF SIDES OF
JOISTS PRICR TO
FABRICATICN OF BEVELED
PLATE WASHERS

Vertical Section Showing Bolted Connector Detail for Channel
Anchorage Assembly
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\11[11) 3=10"
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IF ROUGH BEARING SURFACES
R ARE ENCOUNTERED ON THE
FACE OF THE CONCRETE
FLOOR SLAB, JOISTS AND
| BEAM, GRIND SURACE AND/OR
END DISTRIBUTION BEAM PATCH IN ACCORDANCE WITH
THE GUIDELINES IN
TOP OF SPECIFICATION SECTION
STRUCTURAL CONCRETE 030130
SLAB

EXISTING CONCRETE

NEW 3/4" DIA. DYWIDAG EACH HALLWAY SLAB
SIDE OF JOIST WEB \

A

G 1" DIA. HOLE IN

CONCRETE

.|  DISTRIBUTION BEAM
AND ¢ NEW

STRENGTHENING ROD

e REMOVE ANY EXISTING BRICK

MASONRY IN THIS AREA; INSTALL
CONTRACTOCR TO FILL VOID AROUND EACH NEW CONNECTION HARDWARE:

D) DES oD T GEL Sl THEN FILL THIS AREA WITH SOLID

PRIOR TO EPOXY INJECTING CRACKS IN
CONCRETE FLOCR SYSTEM BRICK
DYWIDAG HEX NUT & LOCK

NUT ASSEMBLY; SNUG
TIGHT WITH WRENCH;
TIGHTEN THIS END OF THE
ROD BEFORE FAR END

NEW L6x4 (LLV) AT EACH JOIST

n Vertical Section thru Distribution Beam at 2nd Floor Level
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The repairs included installation of mechanical shear
connections between the damaged concrete floor systems

and the internal and external shear walls, to restore the
horizontal shear transfer capacity.



EXISTING CRACKIN
CONCRETE
FLOCR SLAB. LOCATIONS

VARIES

VARIES

1" DIA. DRILLED HOLE IN
/ CONCRETE DECK, TYP.

39

RELATIVE TO FACE OF WALL
VARY THRU-CUT THE BUILDING

EXTERIOR MASONRY WALL—E___Eb_ﬁ

12/

L

29"

7|

A

PLASTIC WASHER; §"x2' ————~—u = |
DIA., OR 2"x2" SQUARE

TYPEA ANCHOR IN 1"

DIA. x 7" DEEP HOLE

o]

/ PCMK "A"
i

A

[—— TYPE AANCHCRS IN 1" DIA. X7" ——#

DEEP HOLE

AFTER RIS INSTALLED SEAL PERIMETER AND
FILL VOIDS BENEATH WITH LOW PRESSURE
EPCXY INJECTION (GEL EPOXY)

NEW 1" R

/ |1)“ .

BEVELED STEEL B WASH El?,y'/_’f‘/’r|

TYPICAL; %,"%2"x2" (MIN.
THICKNESS =1,")

NEW ¥, "DIA. TENSION ROD (A36)
COUPLER FOR TENSION ROD
FINGER TIGHTEN NUT; BURR

THREADS TO PREVENT NUT
REMOVAL

VARIES

25 —R GAP,MIN.

2%"

5

VARIES

EXISTING CONCRETE FLOOR SYSTEM

PREPARE SURFACE BENEATH PLATE PRICR
TG PLATE INSTALLATION; SEE NOTES BELOW

L BURR THREADS TG PREVENT

NUT REMOVAL
STD. HEXNUT & HARDENED

CIRCULAR WASHERS, TYP.

BEVELED STEEL P WASHER,
TYPICAL; 4,"x2"x2" (MIN.
THICKNESS =1,")

OTETO CONTRACTOR : FIELD

MEASURE SPACINGS BETWEEN JOISTS
BEFORE FABRICATING PC MK "A;
ADJUST LENGTH AS FOUND TG BE NECESSARY

Vertical Section- Lateral Support and Shear Transfer Detail-
/ A\ Exterior Wall-to-Floor Interface
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ﬂ Plan

PC MK "A" BELOW SLAB—\

MASONRY WALL NOT

7" DIA. X 2"LONG

R1"X1-0"X3'-9"ON
TOP OF CONCRETE
SLAB

SHOWN ON THIS VIEW
FOR DETAIL CLARITY

TENSION
SLOTTED HOLE IN ROD BELOW
STEEL R A

]

¢ %" DIA. HOLES
IN STEEL PL

EXISTING CRACK IN /
CONCRETE FLOOR SLAB,
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L CONCRETE
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L CONCRETE
JOIST BELOW

r

WALL 3

G (2) 3,'DIA. BOLTS IN 1" DlA,—/
DRILLED HOLES IN
CONCRETE DECK
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Selected areas of the existing concrete floor slab were in
such bad condition, steel plates had to be installed to
bridge between the joists below to prevent punching shear
failures through the slab.
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Finally, a new, lightweight, raised ceramic and metal
flooring system was installed on the concrete floor slab
systems to replace the concrete fill that had overloaded
those floor systems during the renovation.



NOTE: REFER TO RAISED FLOOR PERIMETER FLOO! FINISH SURFACE TO PREPARE EXISTING ROUGH
INSTALLATION PROCEDURE ON PANELS TO BE CUT TO BE FLOOR SURFACE IN
THIS SHEET. FIT ADHERED CARPET ACCORDANCE WITH
AND TO HAVE SPECIFICATION SECTION 030130
- PERIMETER AND INSTALL LIGHTWEIGHT FILL
NEW ugmgggﬁé PEDESTAL SUPPORTS TO EXTENT REQUIRED AND AS
SRR A e APPROVED BY THE PROJECT

SYSTEM; 24" SQUARE PANELS STRUCTURAL ENGINEER
(SEE SPECIFICATION SECTION

. S A 7 ]
NOTE: REFERTO FIGS. 25-1 AND 25-2 / j
FOR EXAMPLES OF THE T ¥

1
ROUGHNESS OF THE EXISTING \

TOP OF SLAB SURFACE.

AND WITHIN EACH ROOM IN THE

YARIES FROM ROOM-TO-ROOM
WORK AREA

APPROXIMATELY 3"TO 7"-

LIGHTWEIGHT FILt

(SEE
SPECIFICATION
SN

SECTION

PERIMETER MASONRY WALL\

: THIS NEW RAISED FLOOR B C

NOTE: T 2 NOTE: REFERTO m AND m
SYSTEM TO BE INSTALLED IN LSS W @
ROOMS 205, 208, 208, 208, 211, PEDESTALS TO BE NEW RAISED NOTE: DEFLECTION OF FLOOR
215, 302, 303, 304, 308, 306, 307 ADHESIVELY BONDED TO COMPOSITE STEEL SYSTEM IS EXAGGERATED IN FOR ILLUSTRATIONS OF HOW
AND 315. PREPARED SURFACE ACCESS FLOORING THIS VIEW FOR DETAIL THE FLOOR SLAB SYSTEMS ARE

BELOW " CLARITY DEFLECTED IN THIS
RS sfﬁéfs% STRUCTURE

a Vertical Section Thru New Lightweight Raised Floor System
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Installation of large banks of new HVAC ducts through
interior load-bearing structural clay tile walls caused
serious vertical displacement and near collapse of a section

of the concrete floor system in one area of one of the
buildings.
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The partially collapsed floor system was raised back into
its original orientation with a system of hydraulic jacks,
and a new concrete masonry wall constructed to replace
the severely damaged structural clay tile wall that
originally supported the displaced floor slab section.
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