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I 1.~~:~lf ~f IJt~~tllf ;.~f !@?: 
tion plan by 'contractoii>the· construction schedule and 
supportirig' 'systeni'-'inust'be· designed properly for safely 
ere.i::_ting buiidi~gs. : There is a need to balance safety and 

: ~-~Q~~~Y.:.~,7;~esig~ p~oce_ss.1
•
3 This study focuses on de-_ 

 ,.-:.:'(~!?.PI?~ P1::1E.~:al .. d:s1gn gmdeline~ for the ~upporting sys­
.::,· t~~_- 1n·mult1story building construction. ·· · · . · · ·. --~ · ·· . 
: )J.:'There are ·mainly four available documents in the United 
<$fa(es for general construction practices: . < .': . . .. ·· :, . 

factors for dead and live loads are different during service. 
But due to lack of sufficient field data and large variation of 
live load d_uring construction, live load should be evaluated 
by analysis and field measurements together. Treating the 
dead and live load factors as identical, the general design for­
mula for slabs at any critical time can be written as: 

Factored resistance 2: Effect of factored loads, or 

. · ·. · :-. q,R 2: 1.4(DJL) . Eq. I . . . ·.- . n . . ~ ,. . -

., ., . . ~h~-re i, ri, 0.irici i'are rici~~if iri~~be/ie~istance, spe~ified 
. dead load, and live load during construction, respectively: cj> 
,,, is the resistance factor for slabs during construction. The 

load factor for dead and live load is 1.4. The reliability level -:, ·1j ACI.347R-.94, "Guide'. to Formworkfor Cci'~crete"; .:: '. 

· } 2) Chapfef 6 of ACI 318-95, ','Building Code Require-
. men ts for Structural Concrete"; . . · .• ·. . . ·.--, · - ··. · · 

.'. 3j ANsi ).:fri.9 c19835:·'Aineiic~-N~tiona1 ·stand~ct for 

. :. based on this design fomiula is 'beyond the scope cif this ar­
ticle. · · 

·' : The .design formula .for formwork using allowable stres·s 
design (ASD) can be written as: Construction and Demolition Operations-Concrete and Ma­

sonry Work-Safety Requirements; and 
4) OSHA (1988), Construction Safety and Health Regula-

tions. -< •• • • . . ·. • .. • • . - • 

In ACI 347.and ANSI AI0.9, the minimum construction . 
loads are suggested. In addition, the ASCE Structural Divi­
sion also drew up a working draft, Proposed Guide/Standard 
for Design Loads on· Structures during Construction (1993). 
These documents establish a state-of-the-art technology to 
provide basic requirements for safe construction. It is clearly 
seen that there are no sufficient detail specifications for safe 
construction in all these documents, and the suggested mini- · 
mum construction loads also need more investigation. Con­
tractors and formwork designers need to know more about 
the load characteristics and structural behaviors during con­
struction in order to develop a rational design guideline for 
safe . construction.4.S The large number of failure accidents 
during construction6 also shows the necessity of improving 
the current guidelines of construction. 

There are many factors which affect the behavior of a slab­
formwork supporting system. These factors can be classified 
into the following three categories: 

I) Design decisions by structural designers: including con­
crete type, column and slab sizes, reinforcement arrange­
ment, and so on. 

2) Construction schedules made by construction contrac­
tors: including method of shoring and reshoring, construc­
tion cycle, method of concrete placement (concrete bucket 
dropping, pumping, concrete placing paths). . 

3) Environmental conditions: ambient temperature, wind 
condition, and other possible natural excitations. 

To develop a proper design guideline for safe construction, . . 
· all these factors should be taken into account. In the slab de­
sign requirements of the ACI Building Code (ACI 318-92), 
the partial factor design formula is used in which the _load 
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Eq. 2 
. . 

· -~here Rn is n·oicinal resis~ce, Sis specified load effect, and 
K1, is a factor of safety. The specified load effect is the sub-
ject of this article'. . -:- ·· :· -:- ·. · · ·- · ·. · -· 

The load effects on foflllWOrk and slabs in a multi0Ievel 
supporting system niay be different even though they are 

. subject to the same construction load.7•9 Thus, the design of 
· the supporting system for a given construction schedule in­

cludes two parts: 
. . 1) for slabs: to determine the specified load effect on slabs 

. . and to ensure the saf~ty __ of the partial strength slabs during 
· ·construction; 

2) for formwork: to determine the specified load effect on 
form work to design form work by .the ASD method. 
. This article i~-~~eel at pr~v1ding' a· reference for safe con­
struction, not a design guideline for direct construction use. 

Construction loads 
Gravity load: including dead load and live load 
Dead load includes slab weight and formwork weight (about 
0.1 times the slab weight). The dead load is assumed to be 
uniformly distributed~ during construction. Live load in­
cludes workers, equipment, material storage, the effect of 
nonuniform loading during concrete placement, impact ef­
fect of concrete bucket dropping and buggy moving, shore 
removal, and so on. 

ACI Committee 34710 recommends a minimum construc­
tion live load of 50 psf (2.4 kPa) for workmen, equipment, 
runways, and impact, and 75 psf (3.6 kPa) when using buggy 
transporting. The minimum design load for combined dead 
and live loads should be 100 psf (4.8 kPa), or 125 psf 
(6.0 kPa) when using buggy transporting. 

Dead load and live Ioacl act on a supporting system in dif-
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Table 1 - Dead load in field measurements during 
concrete placement in Taiwan reported by Huang12 

Special load: including temp­
erature, earthquake, and so on 

No. Locations · Steel wt. 
. (kip)' • . 

Cone. wt. 
(kip) 

Total wt. ... _ Area 
· (kip)·,~;: . .-,::: . . <ft2> 

Unit wt. 
. . (psf) 

Field measurements" showed that tem­
perature changes can cause variations 
of self-balanced inner forces in slab­
shoring system during curing. This ef­
fect can be neglected because of its 

Chung-Hsing U. (I) : · _ 187 1270 · 2478 . .2944 . 150 

2 Chung-Hsing U. (2) 110 829 ·.·.' 159(, _ ' · 3528 81 

3 Dali Elementary Sehl. 73 . 421 . ·. 840 .. ::,;: .- 1367 . . ,· ... _,_, __ __ .. :. ;.'-.[ 109 · small magnitude. Earthquake load is 

4 172 

5 China Medical College • .;i_;,,J94 .~;::; .··· 862 }·.;I ' ·{·1795 3243 99 

· not considered .herein for ordinary 
building construction because the con­
struction period is usually short, much 
shorter than service time of a building. 

1250 : 2458 

562 1080 

4808 · 9092 

280 558 

170 370 

370 . '0 .,.706 

540 , ... 1093 

···:- 390 f · 743 

85 

106 

76 

91 

170 

112 

112 

102 

111 

114 

Load combination 

Gravity load, including dead load and 
live load. is the main load for the con­
struction of multistory buildings in 
load combination. 

: ·16 + J.:1Wamei'N.St.(2) -=;/ ~;.i\:229_ . .' <-"i<,:·_•825.-;,.i, ;;_)793 ,,0.: 2492 ·::·,.- 129 

For formwork design, the most criti­
cal loads occur during concrete place­
ment. Thus, the.load effecis of dead and 
live loads on formwork are specified 
during this procedure. 

For concrete slabs, concrete place­
ment and shore removal are the two 
most critical procedures. Therefore, the 
effects cif accumulated factored dead 
load and live load on slabs are deter­
mined for these conditions. 

20 · ,: ·KuokangRd . . : ·: .: : ·.~: .377 : _.:• 1102 2515 

ferent ways. Dead load accumulates on the shores and slabs 
until shore removal or reshoring begins after each concrete 
placement. As reported by El-Sh_ahhat, et al., 11 the specified 
dead load can be about 1.0 times its mean value and the co­
efficient of variation of dead load is about 0.06 to 0.10. On 
the other hand, live load has a low mean value of about 0.2 
times the dead load but a high coefficient of variation 
(COY), from 0.25 to 1.0. To better evaluate the live load, a 
more accurate analytical method is needed to improve the 
evaluation of live load effect. 

The field measurements of 20 construction sites given in 
Table 1 in Taiwan was reported by Huang 12 for dead and live 
loads during concrete placements. The average dead load is 
about 110 psf (5.3 kPa), in which slab and beam weight as 
well as part of the column weight are included. The coeffi­
cient of variation (COY) of dead load is 0.22, higher than 
that of the dead load on slabs during service. The average 
live load is about 15 psf (0.72 kPa). Although these data in 
Taiwan may not be suitable for construction practice in the 
United States and other countries, the principle of develop­
ing a design guideline for construction is similar. 

Horizontal load: including wind, buggy moving, 
concrete pumping, impact, and so on 
Horizontal load is treated in a simple way as suggested by 
ACI 347 10 as either I 00 lb per linear ft ( 1.5 kN/m) or 2 per­
cent of the total superimposed dead load, whichever is larg­
er. Both ACI 347-88 and ANSI Standard A 10.9 require a 
minimum design wind load of 15 psf (0.72 kPa). A more ra­
tional method was given by Rosowsky 13 using a conversion 
factor to transform the design wind load in service time to 
the design wind load during co_nstructio_n. 
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3948 , 140 

2813 95 

2472 141 

3397 132 

Load effect analysis 
Construction loads during concrete placing influences form­
work and slabs differently and should be studied separately. 
The Equivalent Uniform Load Distribution (EULD) method 
has been adopted in this study because of its simplicity for 
practical use. Thus, all nonuniform loading effects are trans­
formed into uniform loading effects at first in the present 
load effect analysis. 

The EULD for the factored slab load is determined during 
concrete placement and shore removal for slab load evalua­
tion. The path of concrete placement and nonuniform config­
uration of shoring locations have little influence on slab load 
and can be tiegle~cted. Then, the load ·effect on slabs can be 
calculated usi~g the simplified method 15 or the improved 
simplified methods.7•9 In slab-shore load analysis, we need 
to: 

I) Establish EULD model for dead and live loads. 
2) Determine the influence of shore stiffness on the slab­

shore load evaluation in multi-level shoring systems as fol­
lows: 

(a) Determine the slab-shore stiffness ratio defined as 

H 

a.' Kshnre EslwrcA 
Eq. 3 = = ' s 

Ks/ul> C y-
Ec2sl 

where the nominator represents the deflection of shores in a 
panel under a unit force distributed uniformly, and the de­
nominator represents the deflection at the center of a slab un­
der a unit force distributed uniformly on the slab. The slab­
shore stiffness ratio a.~ represents a comprehensive mea-
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Table 2 - Development of concrete tensile strength, 
reported by Gardner16 

and shore load from the simplified 
method by IO percent as an approxi­
mate treatment. 

Type I cement ,'.-. _ . . ·- . ·._ .Type lll.cemen~ . . c:;/-~_:: ::.- {c) For calculation of live load distri­
bution in construction: when a~ < 0.2, 
use the simplified method; otherwise, 
use the improved simplified method. 

Age 
(days) 

73 F 
(22.8 C) 

. 55F ... . ::'~4(}F .·. , . -i }3F ;-,/' .;(\-55F ·,:c. -;, 1-·AOF 
02.8 cJ ·; C'f,4 CJ -. :·t22.8 cj !"- -: 02.8 cf ·,· ·C', )4:4 q 

2 
.3 
- 4 . ::s 
., 6. 

·7 
.. 8 

.. .:"· 9. 
··· · 10 

> 11. .. 
-12 . ·( 

.·:\i~!tts 

0.31 
0.47 
0.59 . : __ . 

. · 0.66 

0.84 
.. 0.85 

0.86 
0.93 . 

.. · . 0.96 

;:: 0.11 . 
0.30 
0.43 
0.54 . 
0.63 
0.7() 
0.77 . 

::o.80 
0.82 
0.84 

. 0.86 
0.88 
0.89 
0.90 
0.99 

. · 1.07 

3) account for creep and shrinkage 
effects (for a construction cycle of 
about 7 days) .as follows: 

(a) In the case of steel shores, the 
creep and shrinkage effect can be ne­
glected when the slab-shore stiffness 
ratio a~ is larger than 0.40; otherwise, 
consider increasing the slab load on the 
topmost slab by IO percent and reduce 
the other slab loads equally.7•9 

· ~::,~¢i¥: .Linc.ii' jnterj,olatiori can be used for ·a given trcatrnenL · .- "·~ :. . . ·~·4. ·,. . : ~:-. ~.: .. : .. :,·: .. :.~ 

(b) In the case of wooden shores, the 
creep and shrinkage effect should be 
considered by increasing the slab load 
on the topmost ~lab by 15 percent and 
reducing other slab loads equally. 

: ~r".'7.-.~·. ; 

surement of geometry and material properties and boundary 
conditions of the supporting system. For example, a~ is 
small for the weak-slab and · strong-shore case, mostly in 
large panel flat plate construction. 

(b) For calculation of dead load distribution in construc­
tion: when slab-shore stiffness ratio a~ < 0.4, use the sim­
plified method; otherwise, use the improved simplified 
method by Duan and Chen,7•9 or increase the maximum slab 

This is be~ause the simplified meth-
od is applicable only for the case of 

small slab-shore stiffness ratio and slight creep and shrink­
age effects. The refined simplified methods should be used 
whenever necessary. · 

The possible maximum EULD (specified load) effect on 
shore load is determined during concrete placing by ampli­
fying the dead load. The effects of nonuniform loading, im­
pact loading. and material storage during concrete placement 
should be considered for formwork design. 

Table 3 - Comparison of cement strength reduction factors between compressive strength 
and tensile strength in different temperatures, normalized from the report by Gardner21 

';',',·.::\··: ->-: .. -~ ~-:· :, :: -. ,,~ ,,;.-;.:,;·-·;;:<(/:_;;::_;~.:-;.),;--:)·:,,.(a) Type I cement conc_rete -~ . .;·:· · .. .... ··'• ' 

. .' · ' 

· .Compressive :.' · ,T.ensile .·.:. :: Compressive ... . · Tensile 
· ·· strength )/ : ~trength , ·:\; ~~ngth·/ . :- . strength 

. ratio .c(tatlo .: ·,:/i: r,atio,.;.:{ i .. ratio 

0.11 _ ... 0.20 -·· ! ·-0.22 : ·.· . ·=·.0.34 

0.35 · .. -- 0,5.J ~,:~ .i,\: .. , Q.49 . .. 0.68 

·. ·· .0.57 , •;/( 0 :: :: 0.7?_ •. ; ::· / :\ / '..0,71 ·:.<: .· . . 0.78 

0.76 0.79 . 0.80 0.94 

0.84 0.90 : : 0.92 0.96 

Note! Cement concrete with w::uer.ecm_ent ratio= 0.55, cured in water. ·· 

T=20C 

. Compressive 
.strength 
·. ratio 

0.29 

0.57 

0.79 

0.88 

1.00 

·.·_- · .. •:· T=30C ·, ·,·· ·· 

-:. ~: . : .. 

Tensile =·: ·-: . Compressive · · · Tensile 
strength . _,,; . strength .,·.':· · strength · 

ratio _:.: , .:< ,._': ratio·-.... .ratio 

0.4s -.· ·,: .;.:\_.;: 9-41 0.54 

.·,, · . 0.67. ,;,, . 

. 0.76 . : . -? -,~''.f);0,69 · 0.73 

0.95 :;··=·· : 0.19 0.85 

1.00 ·, 0.93 0.92 

(b) Type Ill cement concrete 

. Curing ... T=OC T=IOC 
· temperature · .· 

Compres_sive ... Ten~ile · :- . Compressive Tensile 
strength .· ., . .strength .: . :_: .. .. s_trengt~ ; , :. strength 
.. rati_o >:' .. ·: . ;~, ratio .. ,;.:: /.;,: . ratio_ ratio 

·:'· l 0.13 . ~- 031 : , ... - 0.47 0.68 

3 . 0.79 . 0.94 , . •·. 0.76 0.88 

7 0.90 :,- 0.94 • . . . 0.86 0.91 

13 . 1.05 ·- ).09 · · ·. 0.92 · · I.09 

28 . ·, -.,.· ., ,'- ~:9.9 :.:-·. . .. , >. ·_..0,95 ,.,\ ... : ... ,,. 1.00 .. 

Note: Cement concrct~ with water-<:ement ratio=: 055. cured in water. :-:· 
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T=20C 

Compressive 
strength 
. ratio 

0.55 

0.80 

0.85 

0.92 

1.00 

Tensile .·, 
.. strength ,· 
_.,:~.~tio ' .. 

0.73 

0.89 

0.90 

0.99 

1.00 

. . ·T=30C 

··. Compressive Tensile 

s:~!\<> 
.- -~tre_ngth 

'ratio 

0.62 0.73 

0.72 0.82 

0.82 0.88 

0.94 0.92 

, __ o._97 _i,<:.:.., . . . 1.06_.,, 

: .. ~) . 
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Fig. 1 - Tensile strength development of Type I cement in 
different ambient temperatures. 

Resistance capacity 
The· resistance capacity of a slab-formwork supporting sys­
tem'c·omes from formwork and partial strength slabs. Thus, 
they·wm be discussed separately. 

Slab resistance capacity 
Multistory buildings such as residential and office buildings 
have common characteristics. The design dead load during 
service is 20 to 40 psf (1.0 to 1.9 kPa) in addition to slab 
weight, and the live load varies from 40 to 50 psf ( 1.9 to 2.4 
kPa). To find the strength of a slab with partial strength dur­
ing construction, the strength of the slab at 28 days must be 
first defined; the strength reduction effect due to immaturity 
of concrete during construction can then be estimated. The 
full strength of the slab can be written as 

Rn= (1.4D, + l.7L,)I<!>, Eq. 4 

where Rn, D,, and L, are nominal resistance of the slab, dead 
load, and live load effects on the slab during service time, re­
spectively.<!> is a resistance factor for flexural or shear limit 
state during tervice time. Thus, the factored resistance of the 
slab with partial strength during construction can now be 
written as 

Eq. 5 

where p is the strength reduction factor accounting for con­
crete early-age effect and <l>c is a resistance factor for flexural 
or shear limit state for the slab during construction. For the 
time being, <l>c can be taken as the same value as<!>, for sim­
plicity. 

Substituting Eq. 4 into Eq. 5, the design strength of a slab 
at early-age can be written as 

Un= P(l.4D, + l.7l) Eq.6 

The strength reduction factor due to immaturity of con­
crete is the ratio of the concrete strength at a specific time in 
its maturation period to its 28-day strength. Table 2 shows 
the test data of normalized tensile strength development P

1 

for cement Type I and Type III in different ambient temper­
atures.16 The ratio of cnmpressive strength of cement devel­
ops slower than that of tensile strength. as shown in Table 3. 
Their relationship can be derived according to the relation­
ship between compressive and tensile strengths in the ACI 
Building Code as 

Eq. 7 
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Fig. 2 - Tensile strength development of Type Ill cement in 
different ambient temperatures. 

where P
1 
and Pc are the tensile and compressive strength de­

velopment ratios, respectively. 
There are mainly two types of failure modes for early-age 

slabs: shear punching failure for flat-plate or flat-slab system 
and flexural failure for slab-beam system. The shear punch­
ing capacity depends largely on concrete tensile strength; on 
the other hand, the flexural capacity depends largely on con­
crete compressive strength. Therefore, the design strength of 
slab with partial strength in Eq. 6 can be written as 

u. = P,(l.4D, + l.7L,) for flat-plate or flat-slab system Eq. Sa 

u. = P,.(l.4D, + l.7L,) for slab-beam system Eq. Sb 

The concrete tensile strength P
1 
is a function of curing time 

t and effective ambient temperature T.17 To perform a regres­
sion analysis with two variables, curing time and tempera­
ture, for the test data given in Table 2, p

1 
is expressed in a 

form of double parameters as 

M 
Pi= a+bM 

where M = f ( T - T0) dt 

Eq. 9 

Eq. IO 

is the maturity of the concrete and T0 is the datum tempera­
ture (T

0 
= 14 F here), 17 such that Mis the average tempera­

ture increment multiplied by curing time. The regressive 
parameters of tensile strength for Type I and Type III cement 
are 

a = 190 and b = 0. 90 for Type I cement 
a = 100 and b = 0.95 for Type III cement 

Eq. I Ia 
Eq. lib 

The regression curves for Type I and Type III cement con­
crete are shown in Fig. I and 2, respectively. 

The rules of concrete strength development herein are 
from normal Jab tests and may be subject to correction in the 
field. In particular. for construction in very low tempera­
tures, additional measures should be taken to enhance the 
speed of concrete curing. 

Formwork capacity 
For low clearance building construction, steel or wooden 
shores are commonly used and their capacities can be evalu­
ated with the specifications of current formwork design. 18 

Shores are used for many times for different projects. The 
quality of shores should be checked before reusing. Suffi­
cient lateral braces should be provided to maintain integrity 
of the supporting system in case of uplifting to prevent shore 
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buckling and resist horizontal Ioad.19 

For high clearance building construction, scaffold struc­
tures are mostly used, and their capacities can be evaluated 
using practical methods as proposed by Peng,20 Huang, 12 and 
others. For high clearance scaffold systems, stability prob­
lems control failure patterns. 

General design guidelines 
The slab-shore supporting system must carry all possible 
loads during a complete process of construction. 

Slabs must attain sufficient strength and rigidity before 
concrete is placed or shores removed in order not to generate 
excessive stress and deflections. · 

Formwork must be designed to have sufficient strength to 
safely transmit gravity load to slabs during concrete place­
ment and horizontal load to permanent structures before and 
during concrete placement. 

In plan'ning a construction schedule using a multi-level 
shoring system; contractors should consider the following 

J ~#-~~ES=:.i:-: ·, ... . . . . 
. . . :Jt,J_:;,Design load_ for slabs during service time by structural 

. "designers. . 
.... ::.' 2: Design weight of concrete including the weight of slab, 
· beam, and formwork. 

.3. Construction live load involved, such as crews, equip­
ment, material storage; path of concrete placement, and im­
pact due to concrete dropping and equipment moving. 

4. Construction cycle. 
5. Developed strength of concrete when performing con­

crete placement and shore removal. 
6. Type of formwork system, i.e., steel or wooden shores, 

individual shore load. 
7. Span and thickness of slabs and elasticity of shores. 
8. Wind before concrete placement and temperature during 

curing. · 

Design procedures 
In general, a construction schedule includes the selected 
method of shoring and reshoring, construction cycle, and the 
method of concrete placement. The goal of design here is to 
find feasible construction schedules such that the construc­
tion load effect will not be greater than the capacity of early­
age slabs and formwork at any critical time. The design 
guideline includes the slab safety check and formwork de­
sign as summarized in the following: 

Slab safety check 
For a given construction schedule, the slab safety .check can 
be performed in the following steps: 

l) Determine factored construction load in the form of 
EULD: 

Ps = 1.4( 1.0 + a.d + a.m)D during concrete placing Eq. 12a 

P = I.4 a.s110,.D during shore removal Eq. 12b 

where a." and a.mare amplification factors for impact load ef­
fect and other live load effect such as workers, equipment, 
and material storage during concrete placing. a. h is a shore 
load ratio. D is th; uniform dead load. ' "" 

According to the field measurements of 20 construction 
sites in Taiwan reported by Huang, 12 we can use the follow­
ing procedures to evaluate the specified dead load and live 
loads as: 

For dead load: 

with calculation: D:;:: 85 psf (4.25 kPa) 
(minimum dead load = m - cr) 

without calculation: D = 125 psf (6.25 kPa) 
(specified dead load = in - 0.5 cr ) 

For workers, equipmenfand material storage: 

with calculation: a. D:;:: 15 psf (0.75 kPa) 
m 

Eq. I3a 

Eq. 13b 

(minimum load= m) Eq. 13c 

without calculation: a. D:;:: 20 psf ( 1.0 kPa) 
(specified live load= ffi - l.5cr) Eq. 13d 

The impact load: 

I 
a."= N Eq. 13e 

where N is the number of batches of concrete bucket drop­
ping . 

2) Calculate accumulated factored load effects C,: 
Using the simplified method or the refined simplified meth­
ods to evaluate the load effects considering the effects of 
elasticity of shores and creep-shrinkage . 

3),Calculate the capacity of partial strength slabs: 

Un= ~(I.4Ds + I.7L,) 

where ~ is the compressive or tensile strength reduction fac­
tor of the slab as given by Eqs. 8a and 8b for the resistance 
part. 

4) Check the safety of slabs: 

Un:;::c, Eq. 14 

If Eq. 14 is satisfied for all slabs, the construction schedule 
is feasible; otherwise, the construction schedule should be 
changed. Some measures need to be taken such as increasing 
the period of construction cycle or changing the methods of 
shoring-reshoring ·and concrete placement. For construction 
in low temperature, it is efficient to improve the ambient 
conditions for concrete slabs to enhance the maturity of con­
crete slabs. 

Serviceability of slab .. ,, -
In most cases. a construction schedule may not cause safety 
problems but may produce excessive deformation and a se­
vere degree of cracking due to a relatively high level of load­
ing on the early-age slabs. This is because the early-age 
concrete slabs have partial strength and stiffness and a high 
rate of creep and shrinkage. The influence of construction on 
the long-term deflection of a slab can be expressed as: 

6.u,u,J = (l + a.c + a.)6.es ~ 6.allo•rnhl, Eq. 15 

where 6.
10101 

and 6.
0110 

... ubt, are total deflections during con­
struction and service time and allowable deflections, respec­
tively. a.,. and a., are irrecoverable deflection ratios due to 
creep and shrinkage during construction and service time, re­
spectively. 6.,, is the elastic deflection under sustained load 
in service time. 

Formwork design . 
1) Determine the specified construction load in the form of 

_EULD: 
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P1,,. = ( 1.0 + a,," + a"+ a.,.)D during concrete placing Eq. 16 

where D, Ct.,1, and a,,. have the same meaning and values as in 
the slab safety check (Eqs. 12a to 12e). a"" is an amplifica­
tion factor due to nonuniform loading during concrete place­
ment and nonuniform shoring configuration. According to 
field measurements and structural analyses,7·9 we may talce 

a =0.7 
/IU Eq. 17 

2) Capacity of fonnwork: . 
For low clearance building construction, steel or wooden 

shores capacity can be evaluated in the current fonnwork de­
sign. For high clearance building construction, the capacity 
of scaffold structures can be evaluated using a practical 
method as proposed by Peng20 arid Huang. t2 

3) Check the safety of fomiwork under vertical load effect 
P1m using the ASD method. · · 

Shores are designed mainly to resist vertical loading. Lat­
eral __ impact may not be important for low clearance support­
ing syste~s. It can be resisted by lateral bracing. Scaffold are 
designed to resist both vertical and lateral loading. 
.. .Thc?'effects" of local pre-pressure, changing temperature 
and the variation of shore loads within a panel should obtain 
proper consideration. 

Checklist 
Some important procedures in the form of a checklist should 
be followed to facilitate safe construction: 

Concrete placement: 
1. Before concrete placement, malce sure that the support­

ing slabs have attained sufficient strength. 
2. Select a concrete placement path that follows a symmet­

ric principle to minimize the nonunifonn loading effect on 
shores. 

3. Drop concrete from a low height level and at a slow 
speed to minimize impact effect on slabs and shores. 

Shore removal: 
1. Before shore removal, make sure that slabs have at­

tained sufficient strength . 
2. If shores are removed one by one, remove the shores 

from the center of a panel toward the outside columns to 
minimize the effect of shore load accumulation. 

Lateral bracing: 
I. Single post shores should be laced and braced to reach 

sufficient stability to prevent buckling and instability when 
uplift occurs. 

2. The bracing system must be tied to a solid ground or per­
manent structure unless it is multi-directional with sufficient 
X-bracing to assure its internal rigidity. 

3. Lateral support is important to improving the load car­
rying capacity for high clearance scaffolds and should be 
pro~ided whenever possible. 
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