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“The cost of formwork can be greater than half
the total cost of the concrete structure”-ACI 347

COSt Forms&Shores = COSt concrete -~ COSt Steel

Youwanta - g = Owner pays more for temporary structure than
wooden eEmEEL the permanent structure

#{{{_C_ﬂlre? P Design that Optimizes Forms & Shores can save
e more $ than optimizing concrete & steel

Environmental Impact

Construction loads may exceed service loads
-> deflection/cracking/serviceability

Pofential Failures of Shoring System and/or
Permanent Structure > Life Safety Issue

Casting Next Level

9 10

Next Story Columns 2nd full floor of shoring

Ken Hover, P.E.
607-280-3004 kch7@cornell.edu 2
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No load taken by fully shored slabs
Cast next level

Remove first level of shores. Slabs deflect
& Take Lbad

Install Re-Shores After Slab Deflects

construction loads applied prio

Backshores—shores placed snugly under a concrete slab or
structural member after the original formwork and shores have
been removed from a small area at a time, without allowing the
slab or member to deflect, or support its own weight or existing
construction loads. ACI 301-20

Backshores are not discussed further in this short presentation

Issues at stake

Construction Operations

Structural Design &
Performance of Shoring System

Response of Permanent | #
Cracking, Deflection, Creep, Failure Structure |

17

Ken Hover, P.E.
607-280-3004 kch7@cornell.edu 3



Minnesota Concrete Council
Shoring and Reshoring

1. Construction Operations ";_r,

Overall Project Schedule

= Convert construction-loan to long-term
= Time to Real-Estate Income
Construction Schedule

= Cycle-time per floor, All Trades

= Form/Shore/Cast/Cure/Interior Access
Construction Cost

= Form/Shore Rental/Materials/Labor
Construction Loads

= SeIf-wt./workers/equipment/shéres/stu

Critical alignment of shoring posts or legs

Compressionl Shear | Flexure |

-
R Mt [ sl | i

Concrete stresses
generated by shore-leg alignment

3. Response of Permanent Structure

. Conc. Strength vs. mix/time/temp.

= How to measure in-place strength?

= Structural analyses for serviceability: \\.&‘}

= Deflection [E,(t, T)] (flatness, /evelness),;—'-
= Cracking Resistance [f.(t,T), M,,...(t, T)] =

= More Deflection due to cracking [ )

= More Deflection due to creep (early loading)
= Structural analysis for load capacity
= Risk of structural failure & consequences

23
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2. Structural Design & Performance
of Shoring/Reshoring System

» L oad Capacity of vertical and horizontal form
& shore components.

» Inspection/Monitoring

» [ oad-Transfer Capacity
= fo ground

= to and and through floors

2. Structural Design & Performance of
Shoring/Reshoring System

= Deflection / Deformation
= (ACI 301-20 Requires Licensed Engineer)
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Whose responsibility is this?

Who are you asking?

= Minnesota State Building Code =
IBC / ACI 318 Building Code

= County/Township/
Municipality
Bldg. Depts.

“Fully integrated custom Minnesota code based
on the 2018 International Building Code®.”

BUILDING CODE

,
4

29
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¢ Shoring and re-shoring:

— Introduction -
> — Whose problem is this? (Regulatory Forest) : Ty

— How Shore and Reshore Systems Work

— Principles for Analysis with Example

— Rate-of-Strength-Gain

— In-Place Testing

Typically: Contractor’s Responsibility,
but Structural Engineer remains involved

Shoring System

Performance influenced by ColcieiclProducersIvixitre

as-designed, batched, delivered;Followed by water-
control, placement, consolidation, curing & temperature.

INTERNATIONAL BUILDING CODE
ADOPTION MAP

The B is in use or adopted in 50 states, the District of Columbia, the U.S. Virgin Islands, Guam and
the Northern Marians Islands.

B |BC administered at the state and/or local level
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Minn Building Code 2020
ADOPTS WITH AMENDMENTS:

s taDE International Building Code 2018
(IBC 2018)

From ACI 318-14

26.11.2 — Removal of formwork

26.11.2.1 (a) Before starting construction, the contractor shall
develop a procedure and schedule for removal of formwork and
installation of reshores, and shall calculate the loads transferred
to the structure during this process.

IBC 2018

ADOPTS WITH
AMENDMENTS Building Code
ACI 318-14 Requirements for
Building Code Sl
Requirements

for Structural

Concrete

(b) Structural analysis and concrete strength requirements used in
planning and implementing the formwork removal and reshore
installation shall be furnished by the contractor to the licensed
design professional and to the building official, when requested.

ACI 318-14 Commentary R26.11.2.1
Removal of formwork

Whose responsibility is this?

Who are you asking?
Warnings: y 9

1. Construction loads:
May be greater than specified live loads.
(applied at earlier ages, at lower f,,f.E,)

= ACI 301 Specification

(Typically referenced by contract documents)

= MasterSpec ->ACI 301 Specification

2. Consider both construction loads and deflections. Governing Edition of ACI 301 depends on:

» Date cited in concrete specifications, or

3. Structure may support applied loads, but deflections - Date of contract documents

can cause serviceability problems.

None of us can say
we weren’t warned of the consequences

33

ACI 301-20 (To Contractor) ACI 301-20 (To Contractor)

1.1.3 This Specification is
incorporated by Contract
Documents and provides

2.2.2.2 Design formwork, shores, reshores, and
backshores to support loads ...comply with building
code requirements, maintain specified tolerances.

requirements for Contractor.

2.1.2.2(b) Submit live & dead loads, design
calculations, shop drawings, & procedures for
formwork, shoring, reshoring, and backshoring...
signed and sealed by a licensed design engineer*

— *If required by local code or engineer of record

35
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ACI 301-20 & Engineer of Record

What does Engr of Record
do with these submittals??

If Engr. doesn’t ask for them, is Engr. in violation of
Engineer’s own specification?

If Engr. doesn'’t ask for them, or ignores them
when submitted, is Engr. negligent?

If Engr. asks for them and reviews them, does
Engr. share responsibility for Performance of
Forms, Shores, and Reshores?

ACI 301-20 (To Contractor)

2.1.2.1(c) Testing for formwork removal—Submit
method and correlation data for determining
concrete strength fonformwork removal if test
methods of 2.3.4.2(b) tk

specified or proposed.

Correlation unique to specific concrete

mixture, materials, consolidation
curing, and jobsite conditions.

Cannot always rely on instrument
manufacturer’s generic calibrations.

g ENTERISIAIES Occupational Safety and Health
DEPARTMENT OF LABOR RPN
Administration

1926.703(e)(1)

Forms and shores (except those used for slabs on grade and
slip forms) shall not be removed until the employer
determines that the concrete has gained sufficient strength to
support its weight and superimposed loads.

Employer of the construction workers,
or employer of anyone else who could be
on, under, or near the shoring system.

41
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ACI 301-20 (To Contractor)

2.3.2.4 Unless otherwise specified, leave formwork
and shoring in place to support construction loads
and weight of concrete in beams, slabs, and other
structural members until in-place strength of
concrete determined in accordance with 2.3.4 is at
least f'..

Specifier's Option-Specify minimum in-place
compressive strength for removal of forms
supporting the weight of concrete and construction
loads if different from f.

Whose responsibility is this?

Who are you asking?

» Occupational Safety and
Health Administration (OSHA)

" Forests of °

l@egulanons

ANSI/ASSE A10.9-2013
Safey Requirements for
Concrete & Masonry

UNITED STATES
DEPARTMENT OF LABOR
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Inspection prior to erection and immgdia
during, and after concrete placement, §
Inspection records, Damage

100 psf minimum total load

Account for materials stored on dec|
Wind & lateral loads

Mudsills & soil stresses, frozen ground
Factors of safety, wood stresses
Baseplates, shoreheads, clamps;
Tolerance on plumbness (1/8 inch
Bracmg in two mutually perpendicu

Plus Prolect SpeCIf/cat/ons &
Referenced Documents.

How Some Folks /magine
Shore and Reshore Systems Work:

(The Full-Shore-Fallacy)

- ‘l‘
= I
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e Shoring and re-éhoring:

— Introduction
— Whose problem is this? (Regulatory Forest)

}— How Shore and Reshore Systems Work

— Principles for Typical Analysis with Example
— Rate of Strength-Gain, Concrete Temperature

— In-Place Testing

All Floors Shored

xR

Safest for Shores and Structure
HHH HHEH AR H A H

[ el el R

Most expensive shore rental/purchase

HHKH KA HAEKA WA A

MMRMIMMAM TR TR
Longest delay to interior work by other trades

AEAE AAEKE "R WA KA

ELETERELE L el

- e . Jd g [

46

All Floors Shored-Remove from Top-Down

IR SN= R S R S S=E R S SS e =
No Floor Loaded
until shores removed from under that floor.

Lowest Stress on Structure. Age of Top Floor Critical

IAHQHQ IAHAHQ I¢|I&||A| WA

All other Floors older than Top Floor

Maximum Delay to Interior Access

AW WA A JAEE A A

48
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All Floors Shored-Remove from Bottom-Up

Il I I E I I I B I B B I I I

Most expensive shore rental/purchase
HKHKH HHKH I THHKH WA K

MEHHMIFMEMKE MMM A
Longest delay to interior work by other trades

AARA ARA  AAA AA A

ELEEAEEE M
UL R R

49

How Shore and Reshore
Systems Really Work

(More practical sequence)

@ The Site

o Excavation

@ Form & Cast Footings

@ rorm & Cast Columns & Basement Walls

53
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All Floors Shored-Remove from Bottom-Up

S a=p—E-— = S=s— g N=n—od
All Floors begin to carry some of self-weight and shore
load as soon as bottom shores are removed.

Lowest Floor carries its own self weight-PLUS

Share of self-weight of all upper slabs & shores
rrr rrr i M
— —

50

Construction Sequence: 4-Levels in 22 Easy Steps

Acceptability of following sequence,

or any sequence, depends on:
Timing of casting & stripping

Construction loads

Concrete Mixture / SCMS
Curing

In-place concrete temperature

52

@ Install Shoring for First Floor
@ Cast First Floor

54
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September 13, 2023

@@ Cast Columns to 2" Floor
@ Install Shores for 2" Floor

@ Cast 2" Floor

@ Cast Columns to 3rd Floor

@T» Remove Shores under 1st Floor
@I Install Re-Shores under 15t Floor
@D Install Shores under 3 Floor

(I
X T ]
|><||><||i|><||><|
I DX
I TR
|><||><||i|><||><|
|><||><|i=|><||><|
< I) T<T I
|><||><||i|><||><|
I T<T ]
X T ]
XX XTI

o
DT < T I<]

56

55
@E» Cast 3" Floor
@I Cast Columns to 4t Floor
'HEE EEN [HRE EEE|
B X X
AR KRN KRR R K
IRK MEK KRR KKK
i 1 1 1 i
| L1 L1 | |

@D Remove Reshores under 15t Floor
@T» Remove Shores under 2" Floor

XX =<<l|
OO
OO
XI=<<l|
XXX |
DX |
XX I =<l|
OO
XXX |
X<l
OO
DX |
. |

57

58

@ Install Re-Shores under 2nd Floor
@D Install Shores under 4th Floor

IR
O P
<1 |><||i|><| <1
< I< TT]
O
X< |><|!i|><| X<
< |><|i=|><| <
I
X< |><||i|><| X<
I
< I < I<]
M| XX

@0 Cast 4th Floor

|
I XTI
R K]
<] |><||i|><| <]
I I XTI
B
<] |><|!i|><| <]
< I <1<
< I < 1]
<] |><||i|><| <]
< I <1<
R K]
RO

wl

59
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@I» Remove Re-Shores under 2" Floor
B G G R R
XXX XXX KKX XXX
MKK KKK KKK KKK
MKK MKK KKK KKK

L1 L L | L
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@ Remove Shores from under 3rd Floor

61

0 Remove Shores from under 4th Floor

ERH HEH [HER HHE

63

¢ Shoring énd re-shoring:

— Introduction
— Whose problem is this? (Regulatory Forest)
— How Shore and Reshore Systems Work
}— Principles for Typical Analysis with Example
— Rate of Strength-Gain, Concrete Temperature
— In-Place Testing

65
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O A I = G g

D A (R g

RN KKK KKK KX XM
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62

— — — — —
64

Structural Analysis of
Permanent Structure at Early-Age,

AND
The Shore and Reshore System

“Grundy & Kabaila Simplified Method”

Described in ACI documents & software
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Guide 10 Formwork for
Concrete

Formwork for Concrete
L

Edition
) 1“‘_\"
A

Awkwardly
referenced by
OSHA->ANSI 10.9

Basis of the Appendix that
satisfies OSHA->ANSI Regs.

ACI 347 Simplified Shoring Analysis Method:

(a) Ground-level or other base support is rigid.

(b) All previously cast slabs are identical and have
equal stiffness [ Ignores E, = f(time & temp) ].

(c) Shores and reshores are spaced closely enough to
treat their reactions as a distributed load.

(d) Shores and reshores are infinitely stiff relative to
the slabs.

(e) Reshores are installed “snug-tight”

initial load = zero.

ACI “AutoReshore”

[T

R
INPUTS
Form sels z Reshore sets T

Analysis 1D
10112014

Unitload carried by shore Total ndiidual shore load
end of operation end of operation
7777777
Place 1st
foor sleb w0

G5l

Ken Hover, P.E.
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Slabs =
“Leaf Springs”

Connected
SIELS
Deform
Identically
And
Together

Reality:
More mature
concrete
(time, moisture &
temperature) has
higher stiffness (E,)]

Takes larger load
share.

“Except for the simplified method described in
ACI 347R and ACI SP-4,

of
the distribution of construction loads to the
floor slabs and the shoring system.”

“Even though the assumptions of the simplified
method do not model the structure exactly,
analytical studies and field measurements

”

Limitations: Shoring & Reshoring only, at least one support /13ft2 Adam, et al.,
J.Perf.Const. Facilities (ASCE), October, 2017.

Example using
“Flying Forms”

12
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_—

i

A
l l Kinda-like
- "Percent-Load-Passing.”

May not be optimal scheme!
4-Story Building
2 Floors Shored
1 Floor Reshored

“D” = unfactored
self-wt of slab.

Avg. 8” thickness;
Deck form & Shores  self wt.
Construction LL (OSHA)

September 13, 2023

Quantitative Example
(with Score Sheet)

Form & shore self-wt.

= 0.1 slab self-weight

Include form & shore self-weight with
slab:

- Slab selfwt. =1.1D

Avg. 8” thickness;
Deck form & Shores self wt. =
Construction LL

o -

~_CastLevel-1 Columns
« _Fully Shore Level-1
« Cast Beams & Slabs

L}

Construction
Live Load (50 psf)

Concrete
Y & Rebar
A& 12 s gaT Self-Weight
it Rkt ‘,
SR EL_ELEEL P T AL

Is 50 psf LL reasonable?

]
<]

79
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T BT

o + All loads carried by shores to ground, regardless of age o +_CastLevel-2 Columns
« Level-1 cannot deflect (unless shores settle) + Fuily Shore Level-2
Level-1 carries zero load + CastLevel-2 Beams # _
(but shrinks! > Tension Stress > Cracking) Slabs o
—
1.0 D Structure Self Wt. 5

0.1 D Form & Shore Self Wt.
0.5D Const. LL

Shore Load Shore Load Load carried
Concrete Age : .
during casting after casting by concrete
Day 0 — 0DL
1.6 DL 1.1DL

—
81 82
@) - Castlevel 3 Columns
o + Shores carry all loads to ground, regardless of age .(Jll_,lgglfqogezs ;rg\zw fll_lﬁvesl(;ffguLe\;erlhﬁ )
« Floors cannot deflect, (if no settlement) y pp 9

= Floors carry zero load (but shrink!)

Day 0

]

]

X X

X X

X<

[TX]]

RN
I I I
M H KRN

TX

<]

R R
L]
R

Day 7

83 84

a + 2.2D Load (previously carried by removed o + Install Reshores under Deflected Level 1

shores) now shared over 2 floors » Levels 1 & 2 Locked together to ground

« 2 Floors share total load of 2.2 DL
« Levels 1 & 2 take load & deflect ~ equally
Install Reshores Concurrent
with Shore Removal
X ¥ X - X X Xl X X
L] [ ] L L
X X X XX Xl X X

Anytime you remove a shore,
load that was in that shore transfers to structure.

*

Day
<7

Day Day
<14 <14
I L] | I | | L I Lt | ——
85 86

Ken Hover, P.E.
607-280-3004 kch7@cornell.edu 14
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Shoring and Reshoring

o « Cast Level 3 slabs and beams

°-Lvl12lkwith | deflection
« Levels 1 & 2 each carry 1.1 DL (No Change)

« Shores & Reshores Unloaded

Day 0

PN
T
e

Day 7 Feis

1 ey

arass

:ZI
Day 14 -?1
& v - | A 7‘=
= N At
L .
— e  [—,
88

87

o « Al three floors fully supported m o + Cast Level 4 Columns m
« Level 3 Load transferred to ground * Remove Level-1 Reshores
< Level 3 carries zero load
evels carry 1. 0 Change
While any slab shored or reshored all the way to ground
(or non-deflecting support), cannot take any additional load.
Day 0 I I I oD
1.6 DL
Day 7 11D
1.6 DL
Day 14 11D
1.6 DL
[ ] {___ ] { | [ ___1 L1 || [ [ ] {___J L}
89 90

o « Load that was in Reshores before removal _ o + Jump Shores from Level 2 to Level 4 m
shared equally by Levels 1, 2, & 3
« Levels 1,2, & 3 increase deflection
by ~ same increment
« Slabs & Shores unevenly share total load
Day 0.37D Day
<7 <7
Day 147D Day
<14 <14
Day 1.47D Day
<21 <21
[ ] {___ ] { | [ ___1 L1 || [ [ ] {___J L}
91 92

Ken Hover, P.E.
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0 ’ Loaderoml rezms? \éed shores shared o + Install Reshores Levels 1 to 2 Action
e - + Locks Levels 1,2,3 together Result
« Level 1 carries self-wt. only, rebounds slightly . 'No changs inToads before casting Level 4
« Shores & Slabs unevenly loaded
Day 0.55D Day 0.55D
<7 <7
Day 1.65D Day 1.65D
<14 § <14
o ey B
' @ i, 4
Day 1.0D Day 1.0D
<21 <21
| Level 1 temporarily carries only its own weight |
[ ] {___ ] { | [ ___1 L1 || [ [ ] {___J L}
93 94

z - Level 4 load unevenly shared over
N o v unevenly shared ov:

o ' Levels 1,2,3
\ —
Day 0 I_I— = ,‘?:'_J Day 0 0D
B Z Z X X [ [
Day 7 _ “_ﬂ Day 7 0.92D
] 1 K
Day 14 . A‘i Day 14 2.02D
ey
! /1
2gmid
Day 21 ] _j ._’ﬁ - Day 21 1.37D
e B
[ i) o, | Lo | = || [ [ ] {___J L}
95 96

@ + Remove Reshores under Level-2 ” + Load from Removed-Reshores shared
« Level-1 rebounds slightly equally by Levels 2,3,4
< Levels 2,3,4 will deflect farther Uneven distribution of floor loads

Day
7

Day

Day Day
14 14
Day Day
21 21
Eeak Floor Load in this Construction Sequence
Day Day (At age = 21 days) 1.0D
28 28 ] ] w - |
] ] {1 L} I L ] I L} —
97 98

Ken Hover, P.E.
607-280-3004 kch7@cornell.edu 16
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¢ . o + Shore-load equally distributed over
« Level-2 rebounds slightly Levels 3 & 4. Uneven floor loads
Day Day 0.64D
>7 >7
g Doy et P
>14 >14
Day P e —— o —— —— R K 0]
>21 >21
Day Day e 1.0 D
>28 >28
I L] | I | | L I Lt | ——
99 100
@T» - Remove Shores under Level-4. @ - shoreloaddistributed to Level-4.

« Level 3 rebounds slightly

Day
>7

Day
>14

Day
>21

Day
>28

101

« All floors independently carry DL + LL

102

103
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Loads on Shoring and Concrete Floor for 8-inch thick slab
4-Story Building
2 Levels Shored, 1 Level Reshored
Step (from e = Age of Critical alignment of shoring posts or legs
“Result”) Shore Reshore Floor | concrete at
PPT Slides Load Load Load peak load
. 1 160 0 0 | | |
a 2 | 2_7D| 0 0 Compression Flexure
[ EE 0 0 1.1D <7 Days I | I |
= ¢ DE I =8 LD <7 Dae ESPAPEGE o5 AR | B Bt
[ 1.6D |1.6D | 1.1D <7 Days
A 6 0.73D 0 1.47D < 14 Days I I I
> 7 0.55D 0 1.65D <14 Days | | |
(@) 8 0.55D 0 1.65D < 14 Days
(&) 9 1.6D 0.54D 2.02D 14 Days
U 10 1.04D 0 2.24D) 21 Days Concrete stresses
11 0.46D 0 1.56D 2 14 days generated by shore-leg alignment
12 0 0 10D > 7 davs

104
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For this Particular Shore/Reshore Sequence

Required Load Capacity vs. Age

. 2.50
2.00
1.50 —o—Level 1

1.00 ~B-Level 2
0.50 Level 3
0.00 —<Roof

-
=
=
(']
(%]

~
T
©
o
-
e
o
(7]

Concrete Age after Casting (days)

107

Will This Slab Crack?

Development of Cracking Moment & YES,

Actual Moment-Level 2 g slab
é‘ 6.00 6000 g ,Eh Cracks!
A Qo
::;:_ 4.00 - - 4000 § £ 2-weeks
2 2.00 - 2000 8§ after
o 8 Y
2 000 — o % | casting
0 7 14 21 28 - —MIUR

Age of Concrete after Casting (days)

8” slab, 16’span, #6 @12”, %" cover, f';=5 ksi, f, =60 ksi

109

So what if it only cracks?

Reduced Stiffness (I .cxeq)

Increased Deflection

Decreased Serviceability
(leaks, corrosion)

Increased Creep
Engr/Arch/Owner Reaction
» Crackiphobia

111

September 13, 2023

Assumed Concrete Strength-Gain for this Example:

5000 psi @ 28 days / ~50%@ 7 days, ~75%@ 14 days:
6000

. 5000

‘@ 4000

& 3000

§ 2000
1000

(*Strength should exceed

Uniqe to this: mix,weather,cure & protection

108

Will This Slab Collapse?

Mcrack & ¢Mn vs. fc NOQO!

INCHCKRGGHERIN  ——crack

QS .
= ~#-phi Mn

m
Q
=
AR
=
+—
c
(0]
IS
o
=

Mactual

14 21 28
Concrete Age after Casting (days)

8” slab, #6 @127, 75" cover, 5 ksi @ 28 days, f, = 60 ksi

110
Wil it help to upgrade to 6000 psi @ 28 days?
6000
Increasing
= >000 =" f’, is not
'8 4000 Sz enough!
& 3000 ,,/ -~~~ 5000@28days
G - 5000 MOR
S 2000 d
- U
1000 6000@28days
; 6000 MOR
0 -+ : , - ‘
0 7 14 21 28
. No significant
Concrete Age after Casting change to
MOR or

113
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different with Post-Tensioning

T

114

¢ Shoring and re-shoring:
— Introduction
— Whose problem is this? (Regulatory Forest)
— How Shore and Reshore Systems Work
— Principles for Typical Analysis with Example
}— Rate of Strength-Gain, Concrete Temperature
— In-Place Testing

116

Generic Compressive Strength vs. Time - Lab Cure

f'c
(28 days)

—38000

7000

e 6000

15000

=—4000

Compressive Strength (psi)

Concrete Age (days)

119

Ken Hover, P.E.
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Load Increases to Col-Strip & Slab/Col. Shear in 2-way Slabs

Load Increases on Beam forms & shores
.

Il

sle
1
[
LARREARAR} Jiiii
o |
—_— Tendon Drape Pattern = L/10

Load comes off of Slab forms & shores

Individual Post-Shores lose contact
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Generic Compressive Strength vs. Time - Lab Cure
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Effect of High Concrete Effect of Low Temperature
Temperature on Strength on Strength
140 . 140
i . Mix data:
Mix data; ! Water to cement ratio = p.43
> 12 Wwic ratio: 0.45 1 — 120 Air content: 4 to 5% —_
K - Slump: 25 to 75 mm | ) S Cement: Type |, g
© (1103in.) = —e 310 kg/m3 (517 Iblyd3) ]
3 2100 Air content: 4.5% < 3 2B S
S 100 - Cement: Type |, Normal ima
g s ement: Type |, Normal - 02 g 5 3
°
33 oof 9 2 28 gl - 5
== 8 53 Basis for 50F and 55F 4
2o A 2r Specifications A
% el I Curing: specimens 8 52 eof 8
g ; =2 2 =
TYPE- | ¢5 I castand moisteured | |y | & TYPE- 2 ; g
| g Q 42 at temperature Wet 2 | E;. Ty Lo Full 2
a indi ¢ uring:
g | indicated for first 28 M 34 Sneci i castand N
opPC S 20 | days. All moist-cured Cure oPC °& m%isl—cure i at temperature Wet
I at23C (73°F) 20 }:I(Iiicat_e?f rﬁdrst tzgsg(a:y(sjw) Cure
moist-cyred af
. L ! hereater £, (55F) =, (73F) s
3 7 28 0 368 0
At 28 d 1 3 7 2 90 365
Age of test, days ays Age at test |days
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Effect of Low Temperature Effect of Low Temperature
on Strength on Strength
140 140
Mix data: Mix dta:
Water to cengent ratio = .43 Waterto cement ratio = .43
120 Air content: 4 to 5% — 120 Air coptent: 4 to 5% —
Cement: Type |, [ Ceméht: Type |, [
—e 310 kg/m3 (§17 Iblyd3) = Y 310 ky/m3 (517 Iblyd3) 2
o8 2 o8 ol
£ 2400 @] £ 2400 o]
s 8 < s 8 2
&3 £ &3 5
£5 8ol = = £5 8ol — 2
53 Constructability 3 50 Constructability 3
3 A s A
: =z Problem? Fi B2 gl Problem! F
>
TYPE- 29 ] i34 E]
8 & =) & =}
| sz - Full g 2§ 40 Full B
539 LII'II'I.g. M k-] z
OPC S cast and Wet 5D RS e g p— Wet
o moist-curefl at temperature o moist-curefl at temperature
i:ltliica(edf rﬁdrst 2§3déys7,3 F Cure 20 i:ltliica(edf rﬁdrst 2§3déys7,3 = Cure
moist-cfired at 23° °! moist-cfired at 23° °!
f, (SSF) <, (73F) A s LGSR @0 | A e
At7 days 01 3 2 90 365 At3 days 01 7 2 90 365
Age at test,|days Age at test Jdays
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In-Place
Concrete Properties
In-Place Testing

¢ Shoring énd re-shoring:

— Introduction

— Whose problem is this? (Regulatory Forest)

— How Shore and Reshore Systems Work

— Principles for Typical Analysis with Example

— Rate of Strength-Gain, Concrete Temperature
}— In-Place Testing
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Overall Cylinder/Core Str. Results
4000

3500 i slen
Z = Ny $u & mlc4
.Enaoool :'2-. = :; 4BP-6
fey fbe Pt
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g R [ r x ®PC-4
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= 1000 -AC-4

il L ]
! : 2 500 * BP-C
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o000 007000 %0 L0 00 0 0 B o s S
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Comparison of Non-Destructive Test
4000 [ Min Range 30%LC | AVG Range 40%LC  Max Range 50%LC Results with Core Strengths
3500 K wLCE As observed in the
7 = mLlCA FHWA Highway Materials Engineering Course
= 30000B % g . .
£ D ABP-6
g i b9
£ 2500| % BP-4
& ¥ x i
= A L PC-6
7 2000 oo 2
g IF % o pC4
g e |
g 1500 3 AC-6
(¥
= 1000 <AC4
Q
) 500 BP-C
*PCC
S AT Ken H
o520 9 %90 205 200 9 S s S s S S en nover
B R g AN . .
Cornell University Presentation 15-1927
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Comparison of All Test Results Maturity Testing 5
Every time you press time and temperature 000
(power) on your microwave oven, you are using
Standard Error / Avg. Core Str. “Maturity.”
Factors that can differ between
[concrete in-place] and [concrete used in lab for f-Maturity relationship]
Mixture ingredients and
mgp Batching/Mixing/Water-control/Placing/Col
ave Type and duration of moi:
Lo-to-Hi range of temperature
=AC
General Factors
Sensor location relative to zones of peak concrete stress?
Are you continuously comparing predictions with continued lab and in-place testing?
Are you determining unique Datum Temperature or Activation Energy for your specific cement
& cementitious materials, and your temperature range)
or are you assuming generic values?
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Forests of Shores
ol
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Forests of
\ Regulations

b UNITED STATES 4
§ DEPARTMENT OF LABOR ",

PTENATONAL Formwork for Concrete
BULDING - caton

o
R - P

i |
Your State
Building Code

i f\.. 7
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?\ minnesota _
N\ Copcrete council
i Dedicated tey t-in*Place Concrete

%
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