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Self-consolidating concrete (SCC)

* Continuous casting

* Higher casting rates

No vibration necessary

* Casting in dense
reinforcement
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Formwork Pressure

* Higher fluidity
leads to higher
lateral pressures
on the formwork

P=pgh
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Formwork standards
e ACI 347

— Forms for highly fluid concrete must withstand full
hydrostatic pressure

* DIN 18218:2010-01
— Recently revised to account for fluidity of SCC

Undated Cpme = (1.0M +0.26 v - 1,) - 7,2 30 kPa (D)

Standard now addresses pressurcs excrted by self-cansolidating concrote

where G mex TEPTESENTS the P5th percentile value of the
maximum pressure exerted by the fresh concrete,

Y. is the unit weight of fresh concrete = 25 kN/m?* (159 Ib/ft®),
1. is the setting time of the concrete (using the Vicat
needle test per Reference 9), and v is the mean rate of
concrete placement. Equation (1) is valid for 7, from 5 to
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Field measurements have shown that...

—
Maximum Pressure Envelo

—
Maximum Pressure Envelope




Field measurements have shown that...

—
Maximum Pressure Envelo

I_—
Maximum Pressure Envelope




Field measurements have shown that...

—
Maximum Pressure Envelo

—
Maximum Pressure Envelope




Field measurements have shown that...

—
Maximum Pressure Envelo

—
Maximum Pressure Envelope




Field measurements have shown that...

—
Maximum Pressure Envelo

—
Maximum Pressure Envelope




Field measurements have shown that...

—
Maximum Pressure Envelo

—
Maximum Pressure Envelope




Field measurements have shown that...

—
Maximum Pressure Envelo

—
Maximum Pressure Envelope




Mechanisms of form pressure decay

* The main factors:

— Internal friction
— Aggregate contact and tendency to settle/consolidate

— “Skeleton” structure

— Higher agg content leads to rapid pressure decay
— Thixotropy

— Tendency of concrete to gel when at rest
— Shear strength increases even before “set” occurs

— Greater thixotropy leads to rapid pressure decay



Can we accurately model
formwork pressure?

* Minimize testing
* Accurate and robust

* Field deployment



First step, measuring formwork pressure

* Honeywell full bridge pressure transducer

* Sensor brackets hold sensor face flush to
formwork surface
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Our approach

* Step 1: Characterize the characteristic pressure decay
of the material

— Measure decay curve from a column

— Calculate pressure as a function of height of concrete over
time, C(t)

* Step 2: Impose variable pressure head on the material
that is undergoing gelation, stiffening
— Generate filling rate curve

— Multiply filling rate curve by C(t) from column to generate
predicted pressure over time
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“decay signature”
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* Apply
overburden
pressure head

* Use unit weight
of concrete

P(t) = Cl@ y < h(t)

Pressure = Model x Unit weight x Casting rate



Field Validations

* Illinois DOT I-74 retaining walls
* OSF Hospital Milestone Project
* Stockholm Round Robin Tests



Field Validation #1
[llino1s DOT 1-74 retaining walls



I-74 Retaining wall

* SCC used for
aesthetics

& L * Slump flow: 71
—  Ccm

' * Wall height: ~7 m

waas * Placed with tremie
or pump
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Field Validation #2
OSF Hospital Milestone Project



OSF Hospital Milestone Project

* Foundation wall
construction

* Continuous placement
* Slump flow: 60-70 cm
* Height: 12-15 m
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Plan View Wall # 3
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Field Trial Summary
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[l1liForm: Model implemented in Excel

eno 1 liFormV0.92 .xls
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6 IlliForm is a model for predicting formwork pressure for projects that use self
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Field Validation #3
Stockholm Round Robin Tests



Round robin tests in Stockholm for
10 different form pressure models

- Height: 6.6 m * RILEM TC 233-FPC
| ! — Stockholm, June 2012

— Comparison of 10 models

— Theoretical
— Lab tests
— Field tests

— 8 wall sections tested over

Reference: Billberg, P et. al, “Field Validatigp els for predicting lateral

form pressure exerted by SCC,” Cement and Concrete Composites, accepted
2014.



Reference: Billberg, P et. al, “Field validation of models for
predicting lateral form pressure exerted by SCC,” Cement and
Concrete Composites, accepted 2014.

Corresponding author: Peter H. Billberga
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Round Robin Results
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Round Robin Results
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What parameters do other models use to
characterize change in SCC with time?

pressure decay by column test

structural buildup by concrete rheometer
slump-loss by slump tests

setting time by vicat test

pore pressure by pressure sensor on form



Do these 10 models work?
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Comparison of Models

Model Slope R?

Khayat/Omran 1.16 0.78
Ovarlez/Roussel 1.22 0.77
Lange/Tejeda-Dominguez 1.09 0.80
Perrot et al 1.20 0.71
Gardner et al 1.30 0.86
Beitzel 1.23 0.82
Proske mean 1.23 0.69
Proske design 1.40 0.85
DIN 18218 mean 1.37 0.85
DIN 18218 design 1.42 0.85

Average 1.26




Summary

* Formwork pressure of SCC 1s difficult to
characterize with a single parameter 1.e. filling
rate or slump flow

* Pressure decay signature approach provides
reasonable prediction of formwork pressure

* Several modeling approaches have been
developed based, giving industry a choice of
tools to use for pressure prediction
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* Continuous casting

Higher casting rates

No vibration necessary

Casting in dense
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Formwork Pressure

 Higher fluidity

P=pgh leads to higher
lateral pressures
on the formwork







Formwork standards

« ACI 347

— Forms for highly fluid concrete must withstand full
hydrostatic pressure

* DIN 18218:2010-01
— Recently revised to account for fluidity of SCC

DIN Standard on
Formwork Pressures
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Can we accurately model
formwork pressure?

* Minimize testing
* Accurate and robust
* Field deployment



First step, measuring formwork pressure

* Honeywell full bridge pressure transducer

» Sensor brackets hold sensor face flush to
formwork surface



















Field Validations

* Illinois DOT I-74 retaining walls
* OSF Hospital Milestone Project
 Stockholm Round Robin Tests



Field Validation #1
[linois DOT I-74 retaining walls



[-74 Retaining wall

e SCC used for
aesthetics

e Slump flow: 71
cm

| Wall height: ~7 m

* Placed with tremie
or pump










Field Validation #2
OSF Hospital Milestone Project



OSF Hospital Milestone Project

Foundation wall
construction

Continuous placement
Slump flow: 60-70 cm
Height: 12-15 m









Wall #3

4

16") —H','ﬂmﬁff’“c Prescsure
* Measursd Pressare
\ 0 e, Mcaead Presaure —1
120 . Sl Wit Curver
N o
_ Ao
Drop chutes N g 08 -
2 =]
7 0 / — 04
3 a0 e
a — T e S
é I i
o } 0
0 &0 120 18D 240 300 580
tima (hr}
“&4d ST TR T = PO .
o v inatBli Rsae ] 18 — I lyinslalii Press. re
40 - . & Modeled Prossurs 142 - : :C:::fl:r:‘x:_.::;Tu,' 1
-2 1 Model Gurve 08 il Miedel Curve
: -3
“ad
o w .
g = < e
=] z o
5 3 2.4
w I
no4d o
£ & hES
20 Ty
a 0 J
3 60 120 180 240 300 360 vooosb oz 180 40 200 360

. . Tirme irin)
Time {minj



Max Modeled Pressure (kPa)

120

g0

Field Trial Summary

+1-74 Trials
= Mortenson Construgtion

a 30 &a a0 120

Max Measured Pressure (kPa)



[lliForm: Model implemented in Excel

A!|CiDnF GiH.IIiJiI(. LiN:\liDiE
ILLIFORM 0.92

PROF. DAVID A&, LANGE, UNIVERSITY OF ILLINDIS AT UREARA-CHAMPAIGN

- ]

IiFurm is & nocel fo- predicing fo-nmwors pressucs fr projses ha.use se f
zovsolidating czncrets (S50} T7e moZel is us sl for 3el26ng requ red Trmwo <
streng h or determiaing masirmurm szfe i lirg = The model provides guidarce Hatcn
612 deeision Masirg, opim 2c CeXnomy and iMprove 3atsty o 2o staetion with GG

Thiz cxoe TIC GIN2ING wo'KE NIt 10 use the mode . ThE user provdes soveralinpul
caramecers, noluting Be B00 crarzcedstic cenay sig-at e fomwnck geomedry,
“DrMWOrK §Teng, and forn-TIling rata. Sefre J8ing 1he wo e eels 8 jeeicol.mr
~ata For a seprzaentelive samp e of the SCC shold be acquires

‘Wor<s "eet proced.re are shown in YELLOW boxes, and us2r entered vanables are in
YELLOW cells. Al sLnyg ofworkshee s snd user nizraction is as o lows:

A Inroduclion [his wo<sweel; no userinp 1)
5. Jom ERTY. USeeriets colum T 25043 NG concree dersinoarimene s,
I Deraycone Uszradjusts cone fit parameters.

2 Pradictor. User changas pa-amzle-s W plar pojed wil SCC.
= Acknwladger =nta

ILLINOI

[Ee——————

wi

Sw w e e L Intrdun o Pla Py ey Coree | Pl fioe | &ckrma e ey

lzld b

DRI DCAPS

Reary




Field Validation #3
Stockholm Round Robin Tests



Round robin tests in Stockholm for
10 different form pressure models

Height: 6.6 m  RILEM TC 233-FPC
—— 1 — Stockholm, June 2012
— Comparison of 10 models
% <‘ Height: 42m  _ Theoretical
— Lab tests
— Field tests

— & wall sections tested over

Reference: Billberg, P et. al, “Field validati(é)‘:l gf%ﬁels for predicting lateral
form pressure exerted by SCC,” Cement and Concrete Composites, accepted
2014.



Reference: Billberg, P et. al, “Field validation of models for
predicting lateral form pressure exerted by SCC,” Cement and
Concrete Composites, accepted 2014.
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Round Robin Results
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Round Robin Results

Decay curves
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What parameters do other models use to
characterize change in SCC with time?

pressure decay by column test

structural buildup by concrete rheometer
slump-loss by slump tests

setting time by vicat test

pore pressure by pressure sensor on form



Do these 10 models work?
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Comparison of Models

Model Slope R?

Khayat/Omran 1.16 0.78
Ovarlez/Roussel 1.22 0.77
Lange/Tejeda-Dominguez 1.09 0.80
Perrot et al 1.20 0.71
Gardner et al 1.30 0.86
Beitzel 1.23 0.82
Proske mean 1.23 0.69
Proske design 1.40 0.85
DIN 18218 mean 1.37 0.85
DIN 18218 design 1.42 0.85

Average 1.26




Summary

» Formwork pressure of SCC is difficult to
characterize with a single parameter i.e. filling
rate or slump flow

* Pressure decay signature approach provides
reasonable prediction of formwork pressure

» Several modeling approaches have been
developed based, giving industry a choice of
tools to use for pressure prediction
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