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ABSTRACT

In designing every type of reinforced concrete, it is necessary to design scaffold and
formwork, which are as important as the main structure, Building collapses in the past up to present
are partly because scaffold and formwork designs are ineffective and the factors that have effects on

safety are not considered.

In the study of design, a real case study is used and an example of design with calculation is
provided. The provisions in ACI-347 are used as reference of standard in designing. The design is
divided into 2 categories including single-sided formwork design and vertical formwork design.

Then, the results of design are proposed as a guideline for more effective designing.
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9000 (1.6)
86

P= (C)C,)1150 +

P= (1.2)X1.0)( 150 +

P= 380.4 Ib/ft

P= 1856.35 keg/m’

NNNATIIU ACI-347 Smua 13 anwduneuniaszdesilaridesnd 600C,, = 600(1) = 600 b/t
(2928 kg/m”)
wagdoalianlalifin YH = 2400 x 3.2 = 7680 kg/m”
M31EREiuINTT ACI-347 1R udunounsa 2028 kg/m’
4.2.1.2.35 CEB
N.AANADINAIIUAUVDIUDUNA
P=yH
P=2400x3.2
P = 7680 kg/m’
v.AANANTENUIINNS AR
P =2400kR + 500
auudlinounsaiiinisgudi 7.5 cm.uazammigil 30°C (qumpimaslszmaine)da
mielda k=0.55
P =2400(0.55)(0.48) + 500

P=1133.6 kg/m’
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A.AANANTENUDINATTMLAVVBU LN ED
P = 300R + 10,000d + 1500
P = 300(4.8) + 10,000(7) + 1500
P=71,514.4 kg/m’
m31zaziin3s CEB WAl 1133.6 kg/m’

¥
VINMISAILIUNG 2 35 191U 2928 ke/m”
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) f 3" | THE CONCRETE PRODUCTS AND AGGREGATE CO.LTD.
1516 Pracharat 1 Road, Bangsue, Bangkok 10800, Thailand Tel, (662) 555-5000
TULALARIUKRAL ¢ CPAC PROPOSED MIX @l PAST038 V.2 Wit/
NC.
Tasams
PROJECT
andl Hiumn
CUSTOMER CONSTRUCTOR
amudnoas Hhnra . Tnsdwdfurng - <
SITE LOCATION CONTACT TELEPHONE/FAX.
wnumg
REMARK
COMPRESSIVE STRENGTH HIX CROPORTION 1 m!{ig}
| o ficdton) avvpayre | WATERDL g up PRODI st |
Y] o | oumbtR | CEMDOMIONS | WATER o | ok | e ENOR 4 fem) s {
, | s | soves MATERIALS RATIO .
! 260 240 340 155 {Rormal} {34-24) {CPAC 40407 0.46 15-20 ZEDMOALESA CPAC Low heat
40 1,150 300 cc. concrete uvbadily
' {CPAC 10601) &8 320 nfas e
3,000 cc. nsaamnde) 1 56
fu Enduaimnnn
gunp § ol
2 320 280 376 165 (Kormal} (3par-24) (CPAC 40407} 044 10-1§ CPAC Low heat
740 1,170 380 cc.
{CPAC 10601} { TSI A
1,880-3,760 cc. 71 5 way

fur i Lo nanesngtan

fud fdutl 2wl wountainglan £ rauntenmudinaugauty e uan 2135
PATERIALS CEMENTITIONS METERIALS COMFORMS TO 155 15 2847, E11 1214646 ot fudiduas s e
SAND CONFORES T ASTR C 71 AND IS RS2 : 1932 1A s T Rl SR B
RO CONFLRMS T ASTR €33 AND BS BH0 + 1952 L w16 {( Seergih! pasnen
X ADMXTURE CMPORMS T ASTM 484, 36 SO75 PART 1, 2.1 wirtn Wi nifn
vianagrate S eatuduidonudat dad, 1w Mg 5 2 ’, ) Tnddatenty
The: crenzuiny resensas I g0 1o improve 0 modly air pragirtion whiss the praperties of intiaviols vary. YSN——
A wathe et e A
Aayfitindwes " s
sprabiisrede e osmeoteiuis 24wl il osonnitcen nlise et B by pdie . o
el i ; SV ASTH i 85 sz $uil 2570772557
sharcobomi vt 3 19 ACT 900 B5-EK e 18 . BTN

SPAC T 0306 RV L 3T Rl W3007 saetishie e et 5T giin Rl s
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CPAC READY MIXED CONCRETE

MIX DESIGN
PROJECT
CUSTOMER
CONTRACTOR
3 ] |
|_\awi : PA57/0938V.2 o ,J PRODUCT CODE ZBDMOA123 k
Cubic compressive strength 320 ksc,
Cylindrical compressive strength 280 ksc.
Slump 10-15 cm.
Water-cementitious materials ratio 0.44
Maximum size of coarse aggrepate 19 mm.
L - PROPOR NV FOR 1 CU.M. OF
Required water = 165 itr.
Solid volume of cementitious materials = 376 /272 = 138 ftr,
Salid volume of fine aggregate = 740 [ 2.65 = 279 Itr.
Salid volume of coarse aggregate = 1470/ 2.70 = 433 1tr.
Air content = 1.0x1,000/7100 .. = 10 Itr.
Total volume L 1,025 itr,
COMPOSITION FOR 1 CU.M. of CONCRETE
Cementitious materials : = 376 kg,
Water = 165 Itr.
Sand (Normal) = 740 ky.
ROCK {3/47-#4) = 1,170 kg.
CPAC 40407 = 380 ce.
CPAC 10601 = 1,880-3,760 (=1
JusavinnEIsnnaDy
tadens
AT N
Fund 25/07/2557
b 1 Trusadonicas diio Thi Concrete Products and Aggregate Co.Ltd.
}"if"\:’\ ! QCG S 1 AW woU0Bo NEomw 10800 l 158 P at1 Ko, Wong Sawang | Bangsue, Bangkok 10800 Thailang
L s Insmys . 0 2535 3676 I Tel 56 % §55 5000 Fax . +88 2 565 5676

¥
ASINADUNAUE TS VU ALUAMIUYDIADUNT A 1ANS B 1]

P = yH =2400x3.2 = 7680 kg/m’ = 7.68 t/m"

1
uAAUATIMNE IS5 UM 1A 2 tm’

Email - cpacrmegseg coth
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4.1.2. W15z8A9

1480111 15 mm. | Fy= 135 kse. , E = 115,500 kg/em’
2928 x 0.3

100
n.3vueMegIgAreuAT NI 0esY 108 ieannnavesnisda

=8.784 kg/cm (A9 0.3 (UAT)

o o o 1 1] o 3
Tupdanihidaves 1ida 911AA1979 isunidy 5.56em

£, = M WL?

b ™ s 1os
SF

L=316 |[—2
w

5.56 x 83.68
L=3.1F 4/ —————<"=23.00|cm
8.784

13208 1979aABUAT NI 893D 1118A iTlpaninHaveanTioud?

k) '

= o o 4
Tudouues oo 16N 14 91001519 15195 5.37 cm
SWL* L

384 EI 360

3 ;EI
1, =060, ph==
W

3(5.37 x 115,500
L =0.60 =24.80 cm.

8.784
mazazifuldazozias unif 20 om.
4.1.3. mszezmuiumn
SmuavIaAs (50 x 50 x 2.3 mm. 910A1519M AR5 1974.6) A
S,=6.36cm ,I=159cm’
AR ANAmMan E = 2.04x10° kse. , F,= 0.6f, = (0.6)(2500) = 1500 ksc.
VINTLULIATT 20 cm.

N.7202H NTIGATOINTUNT VAT 1B IIHATDINI AR

2928 x 0.2
W=—""—"—"—"""—=5.86kg/cm
100
M WIL?
b~ s  10s

SF} 6.36 x 1500
L=3.16 |— =3.16 [——————=127.54 cm
w 5.86
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4.1.5.

78

.528EUNTIAAVDIAIUNTUIAT 1TIBIDINHAVDINITUB U

SWL* L
384 EI 360

3 |EI
L=060 [—

VINAITN Ix =159 Cll‘l4

3/2040000x 15.9
L=0.60 =106.15 cm.
5.86

3

W1z lFTz ez A1 100 em.
NINBMA USRIV ZEZIATIAZATUSLIATT ATAININTZE HIUTI9991N0
= 9 VoA - 3 e ~ o Ky
WRAYDILTUNDUAIY LAIHDIINUS UROUT WA pENIN N2 K 11
Terenan13 1A
(%] = :’J
WI3282Y0IATD 95V (52HZlA5Y )
o w T o 1=' =
MUUAVHIANIUTUATT L] 100 x 50 x 2.3 mm. INAITIUHAN (A17199 4.6) 1T0A
A S, =87 em’ ,1. =849 cm’
ey [~
AmaudAMan E = 2.04x10° ksc. , F,= 0.6f = (0.6)(2500) = 1500 ksc.

N.528¢M NIYATDIAT095Y 1TD99INHAVDINITAR

2928 x 1.0
=29.28 kg/cm

17 x 1500
L=3.16 = ——=93.25cm.
29.28

“IJ.%EI%??NQQEIMJ?N?G]SNSU Lummﬂmammmﬂmum
SWL* L

384 EI 360
3(EI

L=0.6

L=0.6

3 /2040000 x 84.9
= 108.5 cm

29.28

S qu o A4 99 & a2 o = o "y
meRziulTTsezuegas o 80 cm. e lfimAntasimunsodauuaiusunslé

WoR

MVHAVBIHANINS

A4 4 4 = o w g9 w o = 2

WURMANTATI 1 §2 ADITVUTIAUADUNSA 0.8 x 1.0=0.8 m
3

usepslumAntnss 2028 x 0.8 = 2342.4 kg

F= 0.6f,= (0.6)(2500) = 1500 ksc.

Ed

[ -

dy = o =2 3 a0 1w
JHH WHNUVDUURDNUATINAUNIND
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. 124 T 23424
VN T=F,A; 1ldh A=—=——=
s A R 1500 o
2 . m(d)?
sznziulfduriuguinaa (4 =1.56 cm’
1.56(4
d= —(2=1.4lcm.
T

P A [~ u’j = =
uaiflosnnmandase lidvuia 14.1mm  @9W12 9 uaY12mm) 3IaUNF

Vv
a [
Aonldmansasvina = 9 mm

» 1(0.9)%
WANDASY %‘= 0.64 cm’
8959 = 0.64x1500 = 954.26 kg
2 954.26

9

=2 k4 @ (% = 2
NEATI 1 a7 ADITULITIAUADUNTIA =————=0.32m
. 2928

W HmAnTasU1IA 9 mm AeAud 0.32 m’

€

=p
S,

U

[~
luman

o))y

133

3/

A A
WHN

=b.
o

"

Qe

IW3INEne

=

Ui 4.4. szezagidedlilumseennuunuuviae

4.1.6. MUHIAVBIRANT oM EH
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n. E=2040000 ksc , F, =2500 ksc (A36)
Tdmantoldrduvuia & nouen 76.3 mm ¥4 3.2 mm

Wamsraman w.n.7) 18A1 A=7.349 cm’, r=2.59 em

80

100

. 878.13
?\\\ '5_0/

2635.2

Ui 4.6. mamidunvundedisyAunnuge 1uAsINNUAY

_1(— R4
2028
X = ————-3086.29 kg
c0518.43
TEZE 212(2040000)
=126.91
2500
_ 1(31623)
BRINEIUANNFLYA = — = ————==122.10
I 2o
ms1zRzy kl/r < C, HAAIITHIAIONITATIA
3086.29
¢ — —un 41996 ksc
7.349
(kl/ )
f
(o 2Cc? “2cce FY

ussdafigonly : F, =
. X 3 ki3

3' 8Cc 8Cc3
2
122.10
¢ "2(12591)2)(2500)
5 3(122.10) (122.10)3
3 8(126.91) 8(126.91)3
=700.87 ksc.

g ' o 9/ 1 v A a d?‘
!,Wi’lgﬂ?duu‘l/iu']ﬂuiil'f)ﬂ“ﬂﬂﬂl]ﬁlﬂ > HUWLTIDANNAUU (Gl
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Y. E = 2040000 ksc , F, = 2500 ksc(A36)
¥
TdmdniletfMduruia & aousn 76.3 mm MU 3.2 mm

Wams1umdn @W.n.7) 18A1 A=7.349 cm’ . r = 2.59 em

200

1757.09 \\

R
\\
~
.
17 \\‘
! e .
] N

2635.2

300,

= 5w - ) A a
gﬂ'ﬂ 4.7. MIMBUUVVHANITTAVANING 2 IHATNNNUAY

an=1(222) _ 13349
300
2928
= —————=13519.02 kg
€0533.69
2n2E 2m%(2040000)
=126.91
2500
1(360 56)
ﬂﬁﬂﬁ?ﬂﬂ?'lll‘hﬂﬂ —_ N = B e
r 2.59
stua”uu kl/r>C LLﬁﬂ»‘l’ﬂWﬂﬂ’JEjﬂ’lﬂﬂﬂme
3519.02
¢ = ——————=478.84 ksc
7.349
. : 12m%E _ 12m%(2040000)
useganvonld ¢ F, = = > =542.05 ksc
23(_ 23(13921)

<
L“Wi'luﬂwuu'ﬁu’Jﬂlﬁﬂﬂﬂ“ﬂt’]'ﬂwiﬁ > ﬂu?ﬂliﬁﬂﬂﬂﬂmﬂﬁiu (7‘1?',?@)
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Al E = 2040000 ksc , F, = 2500 ksc(A36)
F
Tmandolmsusuia & neusn 89.1 mm 1 3.2 mm

Aamaraunan (.n.7) 14A1 A=8.636 cm’ . r = 3.04 cm

AN

26350

T

2635.2

U 4.8, uamInsmdunuurasszAuaNuga 3 AsInNUAY

n-1
2(932%0
K= - = 414082 kg
2n25 212 (2040000)
Co = = 12691
2500
Kl _ 1(424.26)
amwmumm%aﬂ — = — i s - =13934
T 3.04
mﬁ‘va”uu kl/r>C LLﬁﬂx‘]ﬂWﬁﬂ’JﬂﬂT’iTﬂ&Lﬂ”l"
4140.82
c — .. =479.48 ksc
8.636
. 12m%E _ 12m2(2040000)
useganvonli : F, = = ( 5 =539.34 ksc
23(._)2 23(139.56)

[
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4.3.1. 9dNUUVANNRIVD KU 131DA

4.3.1.1 VIMUDUIIND

iduadaucae (FROPOSED MiX)

SIGNATURE

Aunngasss | aft
SHEIOCATON HG
aiin Uiy Yt
LONTRACTOR DatE
S NG IH kghom) KX PROPORTION B4R 3 CUBK MLl WAHe
NI FOM AT2E DAYS UM [CNNINIGUS| WD | Rk | Wk ORI HRE REaARK
H ol {vinpie 1 LEEATHTAY ERTRe Wb 1001 kA
on1 00 ke ) e fig Aoy ) W3
1| 4071002 Thef-20 154 445 1125 163 900 0031 1 Leas toncrete
2 | 8418j002 146 180 | 75025 234 920 10856 | 163 1200 - 0.694
3 18432 bi: 32 The2h 34 64 o0 0474
41:-‘-?.22 210 J20 The100 kL a40 1080 : . ..
4 ;Q!l(il’??ﬁlﬁf' 280 20 16.0:/%05 385 530 1055 m 1800 LEL Y] ‘Ullj\l:whﬂr!/f}
S -
5 | 84321181 280 320 ) 1525 305 60§ 1065 | 70 1950 0430} Marund camcrvie
6 | 8432181 250 20 10667424 405 135 1055 180 2050 444 | Mavini comcrele
T o1 B4502063 340 400 10.0e/-0% 150 T4 1065 180 2500 (400 | Serwzth 2t 3 dannad 20 bsef Ca)
LUK L ES SO 34 '3 L BiAARe Aux PO o nown Aoumdn b0k o niak oo dvin 3
; e !
ADNLC R CONTORMS TO RS T 888 41

3UN 4.9 waasluavediunanvesnaunin

o o

1n3U7 4.9. @on1dnounia code :84322012 i

o A
N1TANUALY

35015999 280 ksc tazl¥lunaunsalu
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CALCULATION SHEETY

PRODUCT CODE. 84322012

SPECIFICATION OF DESIGN

Cylinder compressive strength 280 Rse o at 28 days

Cube compressive sirength ¢ 320 ke o 28 days

Shuwp DO00+/-25 ¢m

Maximsum size of aggregate : 20,0 mm

Water=Cementitons materials ratio o 0482

Speaific gravity of cementitous materialy : 2.88

Specific gravity of fine aggregate gt |

Specific gravity of corse aggresate |

AL COMEnE Y 3

Chemical Admixture © SCCO 1001 Ua07 e / 100 kg of gementitous materals
CALCULATION OF VOLUMETRIC COMPOSITION FOR 1 CURIC METER

Reqguired water w 471 litres

Reuired cementitions materials = 171 7 0.482 » 355 ke

Solid volume of comentmous malerials = 385 7 2.88 = 123 litres

Designed sohid volume of fine portion = 441 litres

(cementitious materials + fine nggregate)

Selid volume of fine ageregate # 441 - 123 = 318 fitres

Valume of Air content s 10 Hires

Designed Total volume = 1012 hires

Sefid velume of coarse :'eg;gm;:::w x 1012 - 441 =171 -10 = 389 litres

CHANGE TO THE WEIGHT (S8 CONDITION)

Cenentitons materiais * 335 kg
Water = 1715100 = 171 lzes
Fine aggregate * L3186 x2.81 = B30 kg
Course aggregate w388 x 2,70 = 1055 kg

Chemical Admixture ;
SCCO 1601 - 355 x5.07 = 1800 of

Remark

SUTROTERLBIFT. iiiiibmmissmessriass

31 4.10 vansdIuMaNVR INEUNTANMAITULTISA 280 kse.




3

o o =} =Y 17 -
- thwiinaeunsaeSuman = 240 X ﬁ=408 kg/m”

v

- MminUsINALs 150 kg/m’
¥ 1 1
Wmindedunasdug 50 kg/m’

a

v
da o | 2
MmrngUnsalaaAe+Ha+a 15 ke/m’

1
L3 Lo”\e

E

- IMINNINITINTZUNABN 30 %VBNNMINUTTNNAEA?

1 Y 30 2
AU —— X408 = 122.4 kg/m’
, 100 '
- s anuainge i = 408+150+50+15+122.4 = 745.4 kg/m’

'
w A

Weann lisanldlumsmurafianeniuan 30 cm

4.3.1.2 anumnlion

—— ——

S ENE

Ol*"nil 30cm
|
|

I,

s 4.11 waadlidaililumsanom

5 v

avyAld ldoannunu 3 H3=1.59em 19 1.5 cm (310M151971 4.2,
A19199 4.3, M15197 4.4)
(1=6.54 cm'/ft, Ib/Q = 37.57cm’/ft 1IN 2.20 Ib/ft*, F, = 83.74 ksc ,

F,=3.1ksc ,E = 105555.21ksc ) AnNANUAN 30 cm

103804080400

| |
[ 1

L

U 4.12 saasihwinudnszaeasuulisn

W39 81, 745.4x0.30 A Y Yo
e ldshwmingu =T = 2.236 kg/cm Aananun 1918 30 cm

85
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4.3.2 eenuuunasunaulion

1 W 4 o o
N. STYSHNTITAVDIYATOITY Lﬁ@ﬁ%"lﬂﬂﬁ“l]f]\‘lii]mu@ﬂﬂ
M wL?

Fp =35 M==¢

flOSFb
L:
w

10x5.56x83.74
2.236

L =

L =45.60 cm

V. SLUEHNGITAUDIATOISY 1HBIVINHAYDINITUBUA?
SWL* Sk

384 El 360

3fEI
I50.6 [—
w

3 [6.54X105555.21
L=0.6
2.236

L= 40.55cm

75208 N NGIGATBIIATOT LTI INNAvD LT uR DY

S5wQ
3l X8x 3,57

 .5%2.236
L=83.33cm

A 'y o g o = 9
HALTB991NMTLOUAIIUAINIUAN 40.55 cm 1ADN1H 40 cm



4.3.3. 99NUUUATHSUAY

31N 4.13 nansszezvhaveans

NTLHLHIITEHINAL 0.40 m

donldimangiwssm []50%50%2.3%3.04 1=15.9 em, S = 6.36 cm’

k)

A, =4.252 cm’ ,W1in 3.34 kg/m) ; (157497 4.6)
F =2500 ksc , F =4100 ksc

¥
LY 1

- MINUTINAADAL 745.4 kg/m
745.4X0.4
100

Vv

- imiinNnsgMronuAazda = =2.982 kg/em

87




4.3.3.1 aTaeUszazHIggansenlivesnusesFun

1 @ 4 o o
NITUEHNIITAVDIIATOITY Lﬁﬂﬁ]'}ﬂﬁﬁﬂ]@diﬂmuﬂﬂﬂ

M wL?
F=— ,M=—— ,F.=0.6F
S 10 ’ 4
10SFp
- w

10x6.36xX0.6X2500
2.982

L=178.75¢cm

U520z N NGIGAVDIIATOITY 1HDI0INHAVDINITUBUA?

SwL* L 1
———————— E =2.04*10
384]F 360 '
3{51
L=06 [—
w
3/15.9%2040000
S 2.982
L=132.95cm

A.728EMNGITATD9ATOITY 1118991NNAVB T AR O

74 SwlL
F=04F=—,6 V=", A=2d|
2 Y Aw 8
SwlL

04F = ———
Y 8X2dXw

0.4X8X2Xde XWXFy

L_
S5w
0.4Xx8%2xX0.23x5%x2500
F 5x%2.982
L =123424 cm

88

y 1w o w =]
waresnmaneuduiudaniuge Ao 132.95 cm 19 120 em (iluanu

Y <y
NINVDIUITIU)



4.3.4. POAUULIAEY

UAMTUAINY

31N 4.14 wamdszazmsITHNIMUTA

- TBULHNTLNINAUITUAL 1.20 m

wonldinangunssn [1100¥100%2.3 mm (1= 84.9 cm’ S = 17 cm’, A, = 6.552 cm”
NN 5.14 kg/m) ; (A157199 4.6.)
v

¥
- HNINYSSNININUA 7454 kg/m”

4

n., D) e X 857
THUNNATEMATUIUAUADEH) =———""—"""—=4472 kg/ecm
2x100

W

4.3.4.1 A3 NTRVITBYHIIgIgaNEeN]Hve s mduy

tﬂ

. STUEHNPIRAYDIIATBIIY 118991 TiuAda
M wL?
Ee=—u M= .
S 10
10SFp
w

F,= 0.6F,

L 10%X17X*0.6X*%2500
- 4.472

L= 238.61 cm

89
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U, FLUTNNILAVIRATOITY 1H0991AMTLOUAD

swl* L
A= ——
384IE 360
3 El
L=06 |—
w
3[84.9%x2040000
a 4.472
L=202.99 cm

fl. TLULHNTIGAVDIPATOISU 1HDIINLS AR OY

%
F~04F=—
Y Aw

S5wlL
V=—- A=2d
8 1
0.4X8X2XdXWXF),

L_
5w
y 0.4x8%2x0.23xX10x2500

5X4.472
L =1645.65 cm

HarieenInMsueuA AL 202.99 cm 14 180 em (999NN
dme Tugn 2.22 Taeld Code A-14)

4.3.5 A539TOUN TS UHIHY NV VA AEU

31N 4.15 sansszezvssznhammiuiinimin

g
@

195183 1.70m 0419 1.20 m

-1

R

=b

] by
uitoumdmsuihvinussnn =1.20X1.80=2.16 m’
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Ed (B T ¥

- WumhwinussnninsgideimAiy = 745.4X2.16 = 1610.06 kg
o o 4 ot o w 1610.06

- iminfinszidoimmAazd (Fo) = ———— = 805.03 kg

4.3.6 MUMIAEIAIEY

FC 805-03 q I~ .3 4:\{ Y w n:{!il
= =0.54 cm” (AT UNUNHLIARNL DY
0.6Fy 0.6%2500

Qs

= N g
- NUNUUINANADINIT =

niwanfidmheaiesnma)

Tufionldindnnaunats & 42.7X2.30 mm vinatiedudjumunuuvesysim
Shedadmudanite (= 5.97 em, S,= 2.80 em’ A=2.919 em” 1N 2.29 kg/m ,
r.=1.43cm); (G]'I':;‘Nﬁ 4.7.)

4.3.6.1. ATIDAOURUILNT

- Ark=1 3zl hinge Nlatevuuazaia
KL 1x(1.70%100)

= 5@316?1«!?]']']%511251?] =118.88
2Eqm?  [2%X2040000%X7w2
- ¥1C = = =126.91
2 Fy 2500
KL
Wy s
‘
1_.1_ > \ KL 33
\ 2 Tmin*Cc {,
ey TR AT
3 8\IminXCc/ 8'rmin*Cc

1,118.88;
(1-5(5697) )%2500

ok 3(118.88) 1(118.88 3 - 88573 ksc
3 8\126.91/ 8'126.91
4.3.6.2 ﬂi'Zmﬁﬂﬂﬂlu]ﬂﬁﬁ1ﬁﬂ°ﬁ!ﬁﬂﬂﬂﬂﬂ!mﬂ

- mANvanIalumsiuusanununnuldninaums A, > F,
= 885.73%2.919
=2585.45kg > 805.03 kg 1914
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4.3.7 MImEunay

3/
-WUNUT 17 em = 2400X0.17= 408 kg/m’

v

MUNVIINNIT 150 kg/m”

o

minieuLazduY 50 kg/m’

Y fa & = 5
MiingUnIaiaAA-+Ha+bA 15 kg/m

¢ Boa P

Ed
- ﬁmﬂ‘ﬂmﬂmeﬂmmﬂ%n 30 %UDMNHHAVITNNAYAD

MIAY — X408 =122.4 kg/m
100 ),
'i'JiJH'IWuﬂﬂQW‘JJﬂﬂﬂﬁ N1 = 408+150+50+15+122.4 = 745.4 kg/m
14

9
“'l]'lﬂ‘L!TUiiﬂﬂﬂ‘iﬂ!@\?@’]ﬂ’]iﬁl'lll‘t"l‘iuﬂaluﬂaﬂ‘i”‘ﬂ'ii\‘iﬂﬂﬁ_li’l 6 (W.f1. 2547)1 Wnin

YITNNITUDIBIATG 200 kg/m'

- HINUIINNNDBANUY (100 %) =200 kg/m’

Vv
]

- miinussnnneonuuy (MAAI5UHT 169 80 %) = 0.80x200 = 160 keg/m’
] o [~ g
vnuuun g lumsfiunadueiaisga 8 ¥u
af JoLk
4.3.7.1 NIOUNNUTY 1
F '
MMiinNowasAy = 745.4 kg/m’
é aIJ = =1 =1 o : (7] 9 s 1 Y a
w3 laena 1 Aumilon danuennsalumssuihmin1d 2 dudemsiauas Adamdaoase
fif1 1 fudossamng) nasfalimudusosumudn aussmmisasu'ld
= dd u
4.3.7.2 DIAUNWUTY 2
o] o iR v A a) - N o
INSIZRETUADINIBNNINAINUTY 1 = 7454 kg/m” SV 100% neiiu
o o) SR 2
dminYsINANtaen NN 1 5119 = 7454 - 160 = 585.4 kg/m
Ed v
W51z UUARINTIIMINAIAY = 585.4 kg/m’
" : @ A A = 2 Y s :} @ £ o a
AN NNADDN 585.4 kg/m” THRMITRIAMNEIITATUIIMITNved s Taena 11 Au
! = [ :’ L7 Y LY} 1 Y w A ar 1
miled Banuennsalumssmiminla 2 dudomauuas iduaoasedia 1 fusde
v A < os a A a =& o g/
A191UUAT) HaSEINE YIS UNNEN AUTIaseTyld
a &z
4.3.7.3 DIMUNNUFY 3
g 9/ 1 :J o .g 3 2 s
NS IEREUUABINUTINMINAINUTU 2 = 745.4 kg/m” 5V 100%
Vv ] 3 "
UMiAUTITNNMIMaenInduh 2 5013 = 745.4 - 160 = 585.4 kg/m’ 5 100%
E Y a P
NIz RiuADIs e ImTnasiugY 1 = 585.4 160 = 425.4 keg/m® $U 100%
1 :’ o A = 2 Ya @ :’ @ n:b. o =
AIUMUNAUNADDN 425.4 kg/m” THNMITRNANUETDTIMTAvD % Taeeia 11 Au
=1 = -7 ny w £ ar 1 v [V I ) o 1
e Tanwansalumssmiminld 2 dudeamniawns (Idduasadoiing 1 fude

[V} o Y] A o a = Y Y
AT NLUAT) LAZEINEUVNTOITUINNDN ﬂui]ﬁﬂ’]ll’]iﬂiﬂulﬁ



a8 A G
4.3.7.4 NIDUNNUTU 4
us: ¥ ' :J LY dglJ 5 2 W 3
WIEZRSHUABIDYUINUNAIWUYY 3 =T745.4 kg/m™ 5V 100% REUU

9 v F T
WNINUITNANMADIINTUN 3 113 = 745.4 - 160 = 585.4 ke/m” FU 100%

& g

E ' Vv
NI IERETUADINIWNINITNAINUIY 2 = 585.4 - 160 = 425.4 kg/m’ 51 100%

¥ ¥
w g " o o

3/ ¥
MTIERLINADINUTIIMINAINUTU 1 = 425.4 - 160 = 265.4 ke/m” 51 100%
[ F

1 :’ w = A A 2 3= [ o @ 4 o =
MR NNADDN 265.4 kg/m’ THWRIsANANUEINITaSUIMITNUeF e Taena 1y Au
3
witid Ianuennsalumssuimin1d 2 dudomsawns Adauaoaseiial 1 dude
@ [~ a A a = o
M1319005) uasdalia@IusoIsuNLEn Audeeusasuld
a E X
4.3.7.5 ATUNNUFU 5
Vv Y ¥ F 1
s 1zagtiudnaneimiinasudy 4 = 745.4 kgm® 50 100% netiy
F 1l ¥ [
YMIAUTINDAMAINTUN 4 5013 = 745.4 - 160 = 585.4 kg/m® 5V 100%
o ¥ @ 3
N 1EReuABIn I IMITRAIN UG 3 = 585.4 - 160 = 425.4 kg/m® 51 100%
¥ £ @ ¥
NI REUUADIIIMINAIN Y 2 = 425.4 - 160 = 265.4 kg/m® 511 100%

F Vv v F
NIz RziuADIn T IAAINUTY 1 = 265.4 - 160 = 105.4 ke/m’

3 9 uy [ :}’ 105'4 Vo
INFEREUUADINYUTU 1 =E‘X100 =65.88 % clclﬁ‘]_l 66 %

43.7.6 PSRN 6
mﬂ::nwfué’fmdwﬁmﬁﬂaa%ﬁu%u 5=7454kgm’ FU 100% 21
ﬁymﬁﬂmmnﬁmﬁamﬂﬂ%uﬁ 535019 =745.4-160=585.4 kg/m’ $1 100%
ms1zaeTudoet o TN AU 4 = 585.4 - 160 = 4254 kg/m’ 51 100%
msrzagiudnacoi iy 3 - 425.4-160 = 265.4 kg/m” 31 100%

9 Vv F i
W3 1ZREUUABIMINIIMINAINUTY 2 = 265.4 - 160 = 105.4 kg/m’
g 9 uy [ C:J 105'4 Yaor
TRz TILAB I 2 = —==X100 = 65.88 % 1959 66 %

4377 RIS 7
mmmsﬂsjué’fmdwﬁymﬁﬂmﬁu%u 6=7454kgm’ U 100% azify
ﬂymﬂ'ﬂmmﬂﬁmﬁmmﬂfuﬁ 6 U197 =745.4- 160 = 585.4 kg/m’ $1 100%
L‘Wﬁwﬂzlfué’fmﬂ'wﬂy?ﬁﬂ}ﬂmﬁu%u 5=585.4-160=4254 kg/m’ 51 100%

Vv ) Y v
IR UADIITIMINAIN T 4 = 425.4 - 160 = 265.4 kg/m® 51 100%

¥
o

Vv 4 F
IR UuADIt IR UTY 3 = 265.4 - 160 = 105.4 ke/m’

2 i E i 105.4 s
INTIERETUADIAEUTY 3 = oo X100=65.88 % 1951 66 %

93



43.7.8 nIEMILTY 8
msrzaziudossohminasiuy 7=7454kg/m’ U 100% gty
ﬁyWﬁﬁﬂUSinﬂﬁlﬁgQQWﬂﬂ?uﬁ 7513 = 7454 - 160 = 585.4 keg/m’ §1 100%
stwﬂmfué’fmdwﬁymﬂ'naaﬁfwﬁu 6 =585.4-160=425.4 kg/m’ 51U 100%
mswnmfuﬁ’aadwﬂwwwﬁ'ﬂmﬁugu 5=4254-160=265.4 kg/m’ FU 100%

v v 4 3
M znzi Ao MITnaaNUTY 4 = 265.4 - 160 = 105.4 ke/m’

3 Y ay [ u’/‘ 105'4 Vo
NTILREUUADIRGTUTUY 4 = —160_)(100 =65.88 % 19451 66 %

o X2

4.3.7.9 AsUNNUTHMAY)

Sl = & o B & o
NI RTHUADINIWTINUNDINUTY 8 = 745.4 keg/m” §V 100% RziU

Y ] 9 1
minussgnimaennaun 8 5114 = 745.4 - 160 = 585.4 kg/m’ $1 100%

9 i 3 ¥
W3 1ZRZUUADININIIMINAINUTU 7 = 585.4 - 160 = 425.4 kg/m® 1 100%

9 ¥ ¥ 9
NS 1ZRZUUADINIOINHTNAINUTY 6 = 425.4 - 160 = 265.4 kg/m® $1 100%

1 b7 4 Ed
N 1ZRLUUADININMTNAINUAY 5 = 265.4 - 160 = 105.4 kg/m’

3 9/ :’ ud u’j 105'4 9 ar
NFIEREUUADINIOUBY 5 =mXIOO =65.88 % 1950 66 %
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&~ o | a2 :J D:l v
4.3.8. MdadwHUINIAAATIF 1M
Ed o
WHNUITNNNINNA 745.4 kg/m’

TdTadmuuiage 1.70 m. 0419 1.20 m

o v w 745.4x1.20x1.80 .
HWINUANDAUTG 1 AU = =805.03 kg < 1041.67 kg (31nA
i

2
m3suiminvesiediu 1 41911314 4.16.)

- LOAD TEST OF SCAFFODING (Thickness 20 mm.)

HEIGH {mm ) JULTIMATE LOAD

DESCRIPTION

b SR N R AN e g

gﬂ‘n 4.16 MINATIUMTIUHINHAVDIHUIIIU (UIEN Wawesae N9 )

3 1 1
Wminfaasisd1u 1 & = 805.03x2=1610.06 kg

¥
o

¥ ) 1
1NNMNUTINNITVBIDINITAUNITZY luNgNTENT1ATUN 6 (W.a1. 2547) 11T 1min

w

U3TNITVBIDIAT 200 kg/m’
ﬁymﬁ'ﬂmmnﬁaammu (100 %) = 200 kg/m’
1§1ﬂﬁ'ﬂﬂiinﬂﬁﬂﬂﬂllﬂﬂ (@895 013957 80 %) = 0.80x200 = 160 kg/m’
= 160x1.20x1.80 = 345.6 kg
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4.3.8.1 MI0E19NITAIUIN
1 9
ATRINNUYY 5
o i
NUWY 4
¥
51 100% l9enAiduszezrie 1.20x1.80 m
b ¥
WUYY 3
¥
51 100% ldendduszezrig 1.20x1.80 m>
3 kT
Wy 2
¥
51100% ldenAiuseerie 1.20x1.80 m>
4 &
WU 1
» S
HINAEaINUTY 1 = 1610.06 — (4x345.6) = 227.66 kg

227.66 \ /
3a5.¢ X100=6587% 19 66 % Ao 228.10 kg

waasdns 1 Suhminlduinn i iseniuydn 100 - 66 = 34 % 710
34X345.6
100
160x(1.2xA) = 117.50+345.6

=117.50 kg

A=241m 1%2.40 m

Y
10 66% 1HAAIAIGUTZOLH9 1.20x2.40 m’
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unns

aguwamsauiiuau

1 o
5.1. NANIUN
u‘a ' n’J g = a é
fﬂ"lﬂNﬂﬂ']ﬁﬁﬂH"lﬂﬁﬂﬂﬂlmllu»‘1%’114 Huuviae uazaieu ‘i]'lflﬂﬁmﬁﬂ‘ﬂ’ﬁli& HITINITDLEN

¥ ' 9 v
=~ ' 1 o w 3/ o g/ o w a
wansinyioendu 2 dau fe wuundeddumediuiig uay Tedmuazd s unauuIe g

bl
=

wazagUwanisAutduaiuoenun ldeail

o
o _ s b4 k4

5.2. HUUKARMIEUMINI M1

BIUFURET 100 X 100 X 2 3 oom

UM 5.1. nwwndemdumadindng

- 1aon 14 1ioa plyform class B-B #1141 15 mm

[ Fd
- ANNAUADUNTANIAATY VA 2928 ke/m’

v 9

9
=3 1l
- YIAYDANANTATY AoelFna 14.1 mm. ualufosnataiivyin 9 mm. uag 12 mm.

A

3 [
e lniududenldvwin o mm doRufi 0.32 m?
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2 A e w Ay Yy ¢
- vwevearaniedfmdu Idduriuguinaliniousn 76.3 mm uaz 89.1 mm 1141 3.2 mm

v
o w

MIUNIYN 18, 34 1Az 45 03N VUUITIY

a L) l:i.u v
1971490 5.1. smmszuzqmmsumaqnmmm"lﬂ

I8 TLULNNYDIPATOISY (cm)
wswnaAngUwssas [ 50x 50 x 2.3 mm 20
@ ' o
amuFunsuvangdwsse [ 100 x 50 x 2.3 mm 100
2 4 o
MaNBATI 9 mm. 80

5.3 WINUUAZMEUNMININAT

’P-'j;:?; P

# Womssnnan {HA00 Y prven

¥
v o Y

4 5 K
31N 5.2 szezveamsAnnaiadunnng



- 1hon ] liidn plyform class B-B 111 15 mm

@ ' 4 ] v
- minusin luiwiawimuainsziaemiu 7454 kg/m’

99

A Yo Y = ~ Y o ) ]
= Lﬁﬂﬂalcﬁ“lJQﬁ'lulﬂaﬂﬂlu’Iﬁ 1.70*120 m IﬂEFZUGU'H'Iﬂlﬁuw']Uf'fUﬂﬂﬁ’]\ﬁmﬂﬂlﬁ'luﬂ5’]“Lﬂﬁﬂﬂ]u"|ﬂ

2 @ T
mannaunad & 42 X2.30 mm Faduviefedmdgsuiialy

M13199 5.2 szezveansnnnIaIulseneuiiadiu

a9 TYULHNVDIYATOITY (cm)
=]
aunangUnssmuma []50%50%2.3%3.04 mm 40
=1
mumangiwssmuuia [1100%100%2.30 mm 120
Wadmfuuna 1.70%120 m 180

9

a o — A @ 4 1w
“hminussynnnssinem e unilsduminy 1431.17 ke

dd o o S A 9 =
-Lﬂ@ﬁmﬂlﬁsﬂaﬁﬁnuﬁ‘)uﬂ’ﬁﬂauﬂﬁquclullujﬂﬂﬂlﬂﬁﬂqﬂqﬁ

L 418
h A
¥

b

b

L

L

w '
o ]

31 5.3 mamidul

1.20x4.80 m°

DUNINUTY 2




100

1.20x1.80 m"

1.20x4.80 m

1.20%1 80 m-

1.20x1.80 o0

-

1205180 m

R

= 5w A A
gﬂ‘ﬂ 5.5 MIMUHINDINWULEH 4



«

i

s

y

R

1.20%1.80 m
2
1.20%4.80 m

1.20x4.80 m

4.20x2.40 m°

1.20x1.80 m"
2
1.20%1.80 m

1205180 m

1.20x2.40 m"

= o w A )
gﬂ'ﬂ 5.7 MIMBUUUDINWUYYU 6

101




»

1.20x1.80 m°
j-2
1.20x1.80 m

1.20x1.80 m°

1202240 m"

P O ORI D

1.2051.80 m
2
1.20%1.80 m

1.20x1.80 mﬂ

1.20%2.40 m*

B R N

< Yo & F &
31 5.9 mamduiiominuyy 8

102
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a1ath
5 1.2054.80 m°
¥s
1.20x1.80 m°
7
L. 4 1202180 m°
s
1.2022.40 n
¥
h A
¥:
h &
¥

[ '
o A

3UN 510 msmdudemnurumaih

5.4. agiilodsnunanemsesnuuviazuamenseenuuuliinlszansam
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Guide to Use of Allowable Stress and Section Properties Tables—

Interior.
Yenver Grade .
Flywoed Typieal Grade Common | Stew | Species :w:n
Gande Description snd U Trademarks Thicknesses | Level | Group operty
i Face fhack Inner Tabled Table
Unsanded sheathing grade fot wall, roal, sub:
Nooring, and industrial applications such as m;‘f&? S
APA RATED paliets wnd for engineering design, with 32716 1400 wix 5716, 48, §5/32, ) o Tahle $A
SHEATHING proper stresses. Manufsctured with intes- W i 2l n 1 190,58 | S Key to S.pxn Gianded
EXP 1o st mediste and extenor glue (11 For permanent LIrsun 2;3‘32 3'“ ¥ Rauing
exposure Lo weather of moisture only B et d
Exterior type plywood is suitable B Lo ahwe
'A}:,A STRU B — Structurall Table 4B
; 2hl
@ S:!‘:-A?; :Nné‘gﬁ t | Plywood grades to use where strengih m‘%ﬁ'ﬁ"”‘ T {unsanded)
é ’ pat properiies are of meximum importance, such ; srmmmw:‘ /16, 38, 13732, Group |
3 plywood-Jumber components. Made with VEH 112, 10732, 8.
- APA STRUC exterior glue only, STRUCTURAL | is made ?iigm 1w ¢ o 7 2332, 3 ST rveranl
b TURAL I from all Group 1 woods. STRUCTURAL I "’“g;* L bl See ik
< RATED sllows Group 3 woods v P i tulin m"\;mw)
g SHEATHING e— Rating"
5 EXP) .
B :
For combination subfloor-underlayment. Pro- | "7 Ao
: vides smooth aurface for application of WATEO STUADLTLOOH ¢ ; Table 4A
APARATED | corper. Posseases high concentrated and ime Woc x|, P 4 193251, See | ETETN
Q| STURDIFLOOK | pact loud resistance during consiruction and MY 2332, 38, | STt ["Key toSpan] oo rrerdd
&) EXP1or 2l pancy, Ma d with intermed LT Plugged D 1B (244 Rating”
Bt and exterior glue. Touch-sanded (4.
$) Available with Loague and groove (5] LD
=
E-q e em—
Q R Y e :
&= APA For underl i URBLALAYMNT : 121932,
nyment under carpet. Available
Be | UNDERLAYMENT | with exterior glue. Touch-sanded. Available e ¢ b & sg, 203, | ST A}M Tuble 4A
g | EXPLZorINT | withtongue snd groave (5) (RS plugged n i Specified o ouch sanded)
O LA
ool ——
©
E s A P e
.. ek " f L3 HueD iz, 1902,
3] APA GD Fot built-iny, wall and eeiling tile backing, i o 12, 19, o
= PLUGGED NOT for underlayment. Available with GhouP 2 ¢ b 5,207 | S As TanedA
Z EXP L 200 INT | extenor glue Touch-sanded (5 .Fl.'ﬂ;;l1 plugged a4 Specified [tourh-sanded)
™ Hiw
e
e A PA e 4
APA Generally applied where a high quality sue- B b C 14,5 1132, W18,
APPEARANCE | faceisrequired. Includes APA NN N-A AD M 1532, 112, & Table 44
GRADES NB, N.D, A&, AB, AD, BB, and BDINT EXROSUNE ¢ o o 1032, §3n Specified el
EXD Y 2o INT iradesih) " bettar better D wb, 2332, 3 E i
Y

M101: structure design in wood, Juddith J. Stalnaker & Ernest C. Harris f.f1. 1997
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Guide to Use of Allowable Stress and Section Properties

Tables—Exterior.
Veneer Grade
Piywood Typieal Grade Common Stress Species Section
Grade Description and Use Trademarks G Thicknrases Level Group Property
Face Back Inser {Table 3 Table
7Y -
RATLE SHIATHING
APA RATED Unsanded sheathing grade with walerproof | 43724 212 e 518, 38, 1542 b
SHEATHING glue bond Tor wall, roof, subfloor snd in- ek 1 et C € c i 'i 32 5;;! . “Key toSpan Tyhle 44
EXTIY duptrial applications such as pallet bins EXTEAIC “";‘13; i Rating” | (unanded
G i W .
APA
STRUCTURALY ————— Structural |
RATED . q . ﬁm_
SHEATHING EXT |  Structursl” is a modifier for thisueranded | A0 shixTine use Table 48
sheathing grade. For engineered spplications STRUCTURAL "R Groepl | (uniinded)
or in construction end industry where full PR/ A c c ¢ [oeamasarl sy
APA exterior-type panels are required. STRUC- fr1tRod 12,1803 508,
STRUCTURAL I112 | TURAL 1is made from Group | woods only i 000 it 24132, 314 Structural i} el dA
RATED NI " Sw | o
w SHEATHING “Rey o Spar] {omanded)
Rating”
Z EXT
Q For combination sublloor-undiflay (A APAL L
= APARATED where severe mointure conditions mey be pre | MIHE “mﬁm .
< | STURDIFLOOR | sent, usinbolcony decks. Possesses highcon: | £0 06 i\ i P4 gl IO S | T
& EXTI3 centzatad and impact load resistance during ""&;’{"’;“ e 23132, 314, 5 “Key 1o Span], | . B
— construction and sccupsnty. Touch-sanded o b Rating” s indeg)
g 4], Available with tongue and groove. 5] """""""‘ﬂ il
£ e —
[
% APA UNDER- Underlayment for floor under where severe e Al
B% | LAYMENTEXT | moisture conditions may exist, Also for con- el ¢ 12,1942,
o and trolled atmosphere rooms snd many in- Gaour 7 ¢ ¢ 518, 22132 52 A Table 44
a AFACLC duatrial spplications. Touch-sanded, EXTINOR plugged | 9% Specified  |itouch sanded)
) PLUGGED EXT | Available with tongue and groove.is| .——-m——-
-
b Conerete-form i
#rade with high reust Iaclor.
= Sanded both side, rilioled vnless cther | APA—— iy
APAB-H wise spocified Availeble in HDO For PO oy
PLYPORM refined design information oo this special B-B cussi c 19432, 5/8, 52 Group 1; Table 44
CLASS lor 1112 | use panel see APA Desiznlonstruction ERTEHDR 8 B 23132, 304 E Clas 11 tranded)
Gm’i‘ Concrete Forming, Form No Vi4b. 06 i
Design using values from this specification | ™ mip e
will result in & conservative design.(5} ————— Group
A
APA Supetior Exterior-type plywood made only b1 A l:ﬁ ?;:mk
MARINE with Douglas Fir or Western Larch, Special TP o0 P 1n, 88, 5 Table 4B
EXT sclidcore construction. Availsble with MDO |20 o or B 112, 58, Greup 1 {sanded)
o HDO {acs. Ideal for boat kul construction. B B M | e g -
use 8.2
rem—
1]
APA R 14, 1132, 308 A.:;ﬁr
APPEARANCE | Generally applied where a high quality sur- AC thow 1 B ¢ 1b3z e
GRADES faceis roquired Includes APA A-A, A-B, - N ¢ I useS As Tabiedd
EXT A-C, B-B, B-C, HDO and MDO EXT.i8} XTERIOR v | b 18032, B Specified (sanded)
PR T o 58,292, 94 |
P nce or back
se———— use 52

N101: structure design in wood, Juddith J. Stalnaker & Ernest C. Harris f.7. 1997
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Allowable Stresses for Plywood (psi} conforming to U.S. Product
Standard PS 1-95 for Construction and Industrial Plywood. Stresses are based on
normal duration of load, and on common structural applications where panels are

24" or greater in width.

Grade Stress LevelV

&y
ém:p 54 82 53
Type of Stress of Dr
Face Ply Y
Wet Dry Wet Dry Only
EXTREME FIBER §THESS | 1430 2000 1190 1650 1650
IN BENDING (Fy)
TENSION IN PLANE £y 23 980 1400 820 1200 1200
OF PLIES (F)) &
Face Grain Parallel or F, 4 a40 1330 780 1110 1110
Perpendicalar to Span
fAL 45 to Face Grain Use 16 ?l.'
COMPRESSION IN PLANE OF 1 930 1640 900 1540 1540
FLIES F 2 730 1200 680 1100 1100
4 g
Paralisl or Perpeentis o 3 $10 1069 580 090 930
Face Grain
1At 45* to Face Grain Use 13 F 4 510 1000 580 950 950
SHEAR THROUGH THE 1 156 190 155 190 160
THICKNESSY
Parallel or Perpendicular to FU 2.3 120 140 120 140 120
Face Grain
AL 45° 1o Face Grain Use 2 F ) ] 110 130 110 130 115
ROLLING SHEAR (IN THE @
PLANE OF PLIES) p-HLILLE 63 7% 63 75 L.
F,
Pasallel or Perpendicular to s 4
Face Grain ALL OTHER a4 53 “ 53 48
1AL 45 to Face Grain Use 1-1/3 Fg
MODULUS OF RIGIDITY (OR i 70,000 90,000 70,000 90,000 82,000
SHEAR MODULUS) L 2 60.000 75,000 0,000 75,000 8,000
Shear in Plane Perpendicular G 3 50.000 £0.000 50,000 60,000 55,000
10 Plies (through the thickness) 4 45,600 50.000 44,000 50,000 45,000
{AL 45° 1o Fuce Grain Use 4G)
BEARING (ON FACE) ] 210 340 210 340 340
Perpendicular to Plane £ 5 2.8 135 210 136 210 210
o Fliow 1 105 160 164 160 160
MODULUS OF ELASTICITY ' 1.500,000 1,800,000 1,500.000 1,500,000 1,800,000
2; ‘;ﬁ‘é)s’-"“ IN PLANE 2 1,300,000 1,500,000 1,300,000 1.500.000 1,500,600
i E 3 1.100,000 1.200.000 1,100,000 1,200.000 1,200,000
Face Grain Parallel or 4 900,000 1,000,000 900.000 1.000.000 1,000,000
Perpendicular to Span
13 See Tadle 111 for guide

To qualify for stress level S4, gluslines must be exterior and only veneer geades N, A, and C are allowed in either face o back
For stresy level §:2, gluelines must be exterior and vencer grade B, C-Plugged and D are allowed on the face or back

Stress level S-3 includes all panels with interior or intermediate UIMG) gluelines.

{28 Reduck stresses 25% lor Bdayer (4 or 5-ply) panels over 55" thick. Such layups are possible under PS 195 for APA RATED

SHEATHING. APA RATED STURD-I-FLOOR, UNDERLAYMENT. C-C Plugged and C-D Plugged grades over 58" through 374~ thick.

(3} Shearthroughthethickness stresses for MARINE snd $PECIAL EXTERIOR grades may be increased 3% See Section 381 for

conditions under which stresses for other grades may be increased

Source: Countesy of APA-«the Engineered Wood Assochition,

A7: structure design in wood, Juddith J. Stalnaker & Ernest C. Harris 1.7, 1997




ﬂ' sy a a Vs o o b4 qra
M3 W0, 4 uaasnaantfvesdszansmmvedlidadmiulassaianly

111

Stress Applied Parallel to Face Graio Stress Applied Perpendicular to Face Grain
Nominal | Approximate ty A 1 L. ) A i KS Q
Thickness|  Weight Effective Ares Moment | Effective Rolling Area Moment | Effective Rolling
{in} {psf) Thickness {in2ft) of Section Shear (in. 211t} of Section Shear
For Shear Inertia Modulus Constant Inertia Modulus Constant
iin.) {in.4it) {in 8t) (im0t} fin.414) fin3t) (in 20t}
UNSANDED PANELS
5/16-U 1.0 0.268 1.491 0.022 0.112 2.569 0.660 0.001 0,023 4,497
38 U L1 0.278 1.866 0.039 0.152 3.110 0.799 0.002 0.033 5.444
15/32&1/2 -U 1.5 0.258 2,292 0.067 0.213 3.921 1.007 0.004 0.056 2.450
19/32&5/8 -U 1.8 0.319 2.330 0.121 0.379 5.004 1.285 0.010 0.081 3.106
%3!32&3!4 -U 2.2 0.445 3.247 0.234 0.496 6.455 1.563 0.036 0.232 3.613
78 U 286 0.607 3.509 0.340 0.678 7.175 1.950 0.112 0.397 4.791
1.U 3.0 0.842 3.916 0.493 0.859 9.244 3.145 0.210 0.660 £.533
1-1/8 -U 33 0.859 4.725 0.676 1.047 9,960 3.079 0.288 0.768 7.931
SANDED PANELS
1/4 -8 0.8 0.267 0.99% 0.008 0.059 2.010 0.348 0.001 0.009 2.019
11/32-8 1.0 0.284 0.996 0.018 0.093 2,765 0.417 0.001 0.016 2.589
38 -8 1Y 0.288 1.307 0.027 0.125 3.088 0.626 0.002 0.023 3.510
15/32:8 1.4 0421 1.547 0.066 0.214 4.113 1.204 0.006 0.067 2,434
12 -8 1.5 0.425 1.947 0.077 0.236 4.466 1.240 0.009 0.087 2.752
19/32.8 17 0.546 2.423 0.115 0.315 5471 1.389 0.021 0.137 2.861
58 -8 1.8 0.550 2476 0.129 0.339 5.824 1.528 0.027 0.164 3.119
23/32-8 2.1 0.563 2.822 0.179 0.389 6.581 133 0.050 0.231 3.818
314 .S 22 0.568 2.884 0.197 0.412 6.762 2.081 0.063 0.285 4.079
718 -8 26 0.586 2.942 0.278 0.515 8.050 2.651 0.104 0.394 5.078
1:8 3.0 0.817 3.721 0.423 0.664 8.882 3.163 0.185 0.581 7.031
1-1/8 -S 3.3 0.836 3.854 0.548 0.820 9.883 3.180 0.21 0.744 B.428
TOUCH-SANDED PANELS
2T | 15 0.342 2.698 0.083 0.271 1,252 1.159 0.006 0.061 2.746
19/3245/8 T | 1.8 0408 [ 2.354 0.123 0.327 5.346 1,565 0.016 0.135 3,220
23/32&3/4 -T 2.2 0.43% 215 0.193 0.398 6.589 1.622 0.032 0.219 3.635
1-1/8 .T 3.3 0.839 4.548 0.633 0.977 11.268 4,067 0.272 0.743 8,535

NU: structure design in wood, Juddith J. Stalnaker & Emest C. Harris 1.7, 1997
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Stress Applied Paraliel to Face Grain Stress Applied Perpendicular to Face Grain
Nominal | Approximate t A i KS 164G A d KS bR
Thickness | Weight | Effective Area Moment | Effective | Rolling Aren Moment | Effective Rolling
{in) (psf} Thickness | (in.2ift) of Section Shear fin. 2y of Section Shear
For Shear Inertis Medulus | Constant Inertia Modulus | Constant
{in) (in.48e) fin i) fin.2itt} fin.4t) finIty tin2ift)
UNSANDED PANELS
516:U 1.0 0.356 1.619 0.022 0.126 2.567 1.188 0.002 0.029 6.037
38 -U 11 0.371 2,226 0.041 0.1956 3.107 1.438 0.003 0.043 7.307
15/32&1)2 -U 1.5 0.535 2719 0.074 0.279 4.157 2175 0.012 0.116 2408
19/32&5/8 -U 1.8 0.707 3.464 0.154 0.437 5,685 2742 0.045 0.240 3.072
23132834 -U 2.2 0.739 4.219 0.236 0,549 6.148 2.813 0,064 0.289 3.540
8 -U 26 0.776 4.388 0.346 0.690 6.948 3.510 0.131 0,457 4.722
1:U 30 1.088 5.200 0.529 . 0.922 B.512 5.661 0.270 0.781 6.435
118 -U 33 1118 6.654 0.751 1,164 9.061 5,542 0.408 0.999 7.833
SANDED PANELS
174 -8 0.8 0,342 1.280 0.012 0.083 2.008 0.626 0.001 0.013 2,728
11/32-8 1.0 0.365 1.280 0.026 0.133 2.764 0.751 0.001 0,023 3.397
38 -8 1.1 0.373 1.680 0.038 0.177 3.086 1.126 0.002 0.033 4.927
15/32-8 14 0.537 1.947 0.067 (.246 4107 2.168 0.009 0.093 2.405
172 .8 15 0545 1.947 0.078 0.271 4457 2.232 0014 0.123 2725
19/32-§ L7 0.709 3.018 0.116 0.338 5.566 2,501 0.034 0.199 2811
58 -8 1.8 0311 3.112 0.131 0.361 5.934 2.751 0.045 0.238 3.078
23/32-8 21 0.741 3.735 0.183 0.439 6.109 3.126 0.085 0.338 3.760
314 -8 22 0.748 3.848 0.202 0.464 §.188 3.745 0.108 0.418 4.047
T8 S 26 0.778 3.952 0.288 0.569 7.538 4772 0.179 0.579 5.046
1 -8 3.0 1.091 5.215 0478 0.827 7.978 5.693 0.321 0.870 £.981
1-148 -§ 33 12 5.593 0.623 0.955 5.841 5.724 0.474 1.008 8377
TOUCH-SANDED PANELS
1T | 15 0543 2698 0.084 0.282 451 2.486 0.020 0.162 2920
1932658 -7 | 18 0.707 3127 0124 0,349 5.500 2798 0.650 0.259 3183
23/32&3i4 T 2.2 0.738 4.059 0.201 0.469 6.592 3.625 0.078 0.350 3.596

- - e

131: structure design in wood, Juddith J. Stalnaker & Ernest C. Harris 1.7, 1997
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WELDED STEEL TUBING ! -
SQUARE TUBE I st KR R Y

|
=

RECTANGULAR TUBE

Metric Size

3 Sectional Moment of Radius of “wodulus of
Dienanaion e Area Weight Inertai Gyration Section
AxB t R mn? kg/m txem* yem® | em yem | zeem? 2y em?
150 X150 60 12 3363 264 1150 1150 584 5.84 153 153
150 X150 45 9 2567 202 1 - 888 896 591 591 120 120
125 X125 60 12 2763 21.7 641 B41 482 482 103 103
125 X 126 45 9 2147 166 506 506 488 489 80.9 80.9
125 X125 a2 6.4 15.33 " 120 379 a79 497 497 606 60.6
100 X100 6.0 12 2163 17.0 312 312 3.80 3.80 624 62.4
100 X 100 45 9 16.67 131 249 249 387 3.87 49.9 49.9
100 X100 3.2 6.4 12,13 9,52 187 187 3,93 393 3rs 75
100 X100 23 46 8.852 695 140 140 397 3.97 280 28.0
75X 75 45 9 1247 9.55 9 99 285 2.85 26.3 263
75X 75 - 32 6.4 8.825 7.01 756 - 756 291 2.91 20.2 20.2
75X 75 23 46 6.552 514 57.1 571 295 285 15.2 152
60X 60 23 46 5.172 406 283 283 234 234 9.44 9.44
80 X 80 1.8 32 3672 2.88 207 207 237, 2.37 689 6.89
50 X 50 23 48 4,252 334 159 159 1.93 191 636 6.36
50 X 50 - 18 3z 3032 238 - 17 1.7 197 1.97 488 4.68
200 X 100 60 12 3363 264 1700 517 7.12 414 170 T o118
200 X100 45 ] 2567 202 1330 455 720 0 421 133 908 "
150 X100 60 12 . 2763 217 835 444 550 401 114 888
150 X 100 45 9 2147 166 658 352 1 558 4.08 877 704
150 X100 a2 6.4 1533 <120 488 262 564 414 €5.1 52.5
150 X 75 45 9 1892 14.8 537 182 533 310 716 485
150X 75 32 64 1373 10.8 401 124 541 301 - 851 332
125X 75 32 64 1213 952 e sy 117 460 3.10 . 410~ a4
125X 75 23 4.6 8.852 695 192 87.5 485 314 0.6 233
100 X 50 32 64 8952 7.01 12 38,0 355 208 25 15.2
100X 50 23 46 6552 5.14 B49 290 380 T 210 170 1.6
75X 45 32 6.4 7.007 550 508 228 ! 288 1.81 136 102
75X 45 .23 46 5172 4.06 s 178 274 1.85 10.4 7.84
: A

=)

~ = a & A 3
NI JuUBAIUIan ﬂﬁgﬂ“ﬂ‘ﬁ IYILUNT W.F.2554
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Carbon Steel Tubes for
General Structure Purposes
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JIS G 3444 — 2006
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il

NUIMAN 1Us2AND Do w2554

dusugud | pumwn | dhwin WUl - Area | Tuamdmmdas]  Sedlendn Tugdamadn
amwmuueng wivie | Unit | wida | Bamuwen | Momentof | Radius of
Thickne ' ‘Section Surface _inertia gyration
o ome m.’;fﬁ- - om' A IO vt
1.238 0.068 0.607 0.700 0.560
1.583 0.085 1.26 0.890 0.930
1.799 0.085 1.41 0.880 1.03
229 0.107 2.89 el 2 1.70
2.919 0.134 597 1.43 2.80
3.157 0.134 6.40 1.42 3.00
3.345 0.153 8.99 1.64 3.70
3621 0.153 9.65 163 3.97
4.029 0.153 10.6 1.62 4.36 i
4.564 0.153 11.8 1.61 4.86
4,205 0.190 17.8 2.06 5.90
5.760 0.180 237 2.03 7.84
7.100 0.180 28.5 2.00 9.41
6.465 0.240 437 2.60 11.5
7.349 0.240 49.2 2.59 12.9
9.085 0.240 59.5 2.58 15.6
7.591 0.280 70.7 3.05 15.9
i 8.636 0.280 79.8 3.04 17.9
3.2 SalaTae et 9.892 0.319 120 3.48 236
101.6 4.0 | Be3 12.26 0.319 146 3.45 28.8
5.0 o] 1517 0.319 177 3.42 34.9
3.2 SO BIT A 11,17 0.359 172 3.93 30.2
114.3 3.5 12,18 0.359 187 3.92 327
4.5 15.52 0,359 234 3.89 41.0
3.6 15.40 0.439 357 482 51.1
- 4.0 SRAsANR 1707 0.439 394 4.80 56.3
45 ! 19.13 0.439 438 479 62.7
8.0 938 25.22 0.439 566 4.74 80.9
4.5 178735 2272 0.519 734 5.68 88.9
RS 5.0 B 25.16 0.519 808 5.67 97.8
R 6.0 4 3001 0.519 952 5.63 115
7.1 3526 |- 0519 1,100 5.60 - 134
4.5 £ i o 26.32 0.599 1,140 6.59 120
53 30.87 0.599 1,330 6.56 139
160.7 6.0 ‘ 34.82 0.599 1,490 6.53 156
70 Y 40.40 0.598 1,710 6.50 179
8.2 A 0.599 1,960 6.46 206
4.5 2235 2984 0.680 - 1,680 7.49 155
58  |iiE ; 38.36 0.680 2,130 7.45 197
=" ;16'3 ) 60 3964 0.680 2,190 . 7.44 203
7.0 46.03 0.680 2,520 " 7.40 233
8.0 52.35 0.680 2,840 7.37 263
8.2 53.61 0,680 2,910 7.36 269
=]
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o Tuandoruden|  ailadu | Tugdanieda
smu  Momentof | Radiusof | Modulus of
At oy e 2 ‘. i
v - - S mg =
315
e ; 344
. 921 363
9.18 A1 e
9.14 457
9.13 470
1.1 452
11.0 515
3185 1.0 591
i 109 659
i} 10.3 T 99.73 1.0006 10.9 744
6.4 70.21 11171 12.3 602
7.8 Ex 86.29 1.1171 12.3 734
P—_— 9.0 98 00 u‘m 12.3 828
95 103.3 1.1171 122 871
12.0 ! 129.5 1.1171 122 1,080
129 ke 136.8 1.1171 12.1 1,130
7.9 p= 98.90 1.2767 14.1 967
9.0 ! o 1124 1.2767 14.1 1,080
a5 118.5 12767 14.0 1,150
406.4 12.0 148.7 1.2767 14.0 1,420
12.7 157.1 1,2767 139 1,500
16.0 196.2 1.2767 13.8 1,840
19.0 231.2 1.2767 137 2,140
9.0 126.7 1.4363 15.8 1,400
YA E 133.6 14363 158 1,470
s 12,0 167.8 1.4363 157 1,820
12.7 177.3 1.4363 18.7 1,920
16.0 2218 1.4363 156 2,360
18.0 261.6 1.4363 15.5 2,750
9.0 138,8 1.5708 41,800 17.4 1,670
500.0 12.0 184.,0 1.5708 54,800 17.3 2,190
140 2138 1,5708 63,200 172 2,530
7.9 124.1 1.5959 38,800 12.7 1,530
9.0 141.1 1.5059 43,900 17.6 1,730
R 9.5 148.8 15859 | 46,200 17.6 1,820
12.0 187.0 1.5959 57,500 175 2,270
508.0 12.7 197.6 1,5059 60,600 17.5 2,390
14.0 217.3 1.5959 66,300 A75 2,610
16.0 247.3 1.5959 74,900 17.4 2,950
180 9 291.9 1.5959 87.400 17.3 3,440
220 335.9 1.5959 99,400 17.2 3,910
. 9.0 155.5 1.7555 58,800 19.4 2,100
12.0 B e 206.1 1.7555 s 4.y 2,760
558.8 16.0 ST 2128 1.7555 101,000 192 3,600
19.0 o s PG 3222 1.7555 118,000 19.1 4,210
- 220 371.0 17555 134,000 19.0 4,790

P ' o a = a
Wlﬂ:ﬂﬁﬂq_lulﬁﬁﬂ ﬂ‘jzﬁ‘lﬂ‘n‘ L’JENLLf’]’TJ W.F.2554
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4 U ey 1 o d o o W
M3 KD, 7 (AB) uannaauAvesemanndn svendmmiunulnssa il

1.8850
2217 ["7TU1.8850 95,800 20.8 3,200
e 257.7 1.8850 111,000 20.7 3,690
293.6 1.8850 125,000 20.7 4,180
169.8 1.9151 76,600 21.2 2,510
179.1 1.8151 80,600 21.2 2,650
2253 1.9151 101,000 21.1 3,300
g 238.2 1.9151 106,000 21.1 31480
262.0 1.9151 116,000 21.1 ‘3,810
298.4 1.9151 132,000 21.0 4310
352.5 19151 . 154,000 20.9 5,050
406.1 1.9151 176,000 20.8 5,760
195.4 2.1991 117,000 24.4 3,330
N 250.4 2.1991 154,000 243 4,390
301.7 2.1991 178,000 24.3 5,070
343.8 2.1991 201,000 24.2 5,750
198.5 2.2343 122,000 24,8 3,440
263.6 22343 161,000 24.7 4,530
306.6 2.2343 186,000 24.7 5,240
s 349.4 2.2343 211,000 24.6 5,940
4132 2.2343 248,000 245 6,960
476.3 2.2343 283,000 24.4 7,960
227.3 2.5535 184,000, 28.4 4,520
301.9 25535 242,000 28.3 5,960
—_— 3513 2.5535 280,000 28.2 6,900
400.5 2.5535 318,000 28.2 7,820
4738 2.55385 373,000 281 9,190
546.6 2.5535 428,000 28.0 10,500
340.2 2.8727 348,000 319 - 7,580
. 396.0 2.8727 401,000 31.8 8,780 -
914.4 4516 2.8727 456,000 31.8 9,970
534.5 2.8727 536,000 317 11,700
616.5 2.8727 614,000 31.5 13,400
378.5 31919 477,000 355 9,390

440.7 3.1919 553,000 35.4 10,9007 -
© 10160 502.7 3.1919 628,000 - 354 712,400
595.1 3.1919 740,000 35.2 14,600
687.0 3.1919 849,000 352 16,700

HUWNG : 1. x'f'mﬁ’nviaﬁ'lmm—mgmﬁ’lu& (Inulden 0., voandnnas = 7.85)
‘ W = 0.02466t (OD — 1)
da w fia iwinvademiuarunm (kg/m)
‘ t  fa Anunwaria (mm)
oD fp Iduduguineamunenasria (mm)

4

- 1 o a a A
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NANHIN A

1A 3§ UNlF UMIPONIUD(ACI-347)

PREFACE

Before the formation of ACI Committee 347 (formerly ACI Committee 622) in 1955, there had
been an increase in the use of reinforced concrete for longer span structures,multistoried structures,
and increased story heights.

The need for a formwork standard and increased knowledge concerning the behavior of
formwork was evident from the rising number of failures, sometimes resulting in the loss of life. The
first report by the committee , based on a survey of current practices in the United States and
Canada, was published in the ACI JOURNAL in June 1957.1.1 The second committee report was
published in the ACI JOURNAL in August 1958.1.2 This second report was an in-depth review of
test reports and design formulas for determining lateral pressure on vertical formwork. The major
result of this study and report was the development of a basic formula establishing form pressures to
be used in the design of vertical formwork.

The first standard was ACI 347-63. Subsequent revisions were ACI 347-68 and  ACI 347-78.
Two subsequent revisions, ACI 347R-88 and ACI 347R-94, were committee reports because of
changes in the ACI policy on the style and format of standards. ACI 347-01 returned the guide to the
standardization process.

A major contribution of the committee has been the sponsorship and review of Formwork for
Concretel.3 by M. K. Hurd. first published in 1963 and currently in its sixth edition.

Now comprising more than 490 pages, this is the most comprehensive and widely used document on
thissubject. (The Japan National Council on Concrete haspublished a Japanese translation.)

The paired values stated in inch-pound and SI units are usually not exact equivalents. Therefore,
cach system is to be used independently of the other. Combining values from the two systems may

result in nonconformance with this document.
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CHAPTER 1 INTRODUCTION

1.1 Scope

This guide covers:

* A listing of information to be included in the contract documents;

* Design criteria for horizontal and vertical forces on formwork:

* Design considerations, including safety factors, to be used in determining the capacities of

Formwork accessories;

* Preparation of formwork drawings;

* Construction and use of formwork, including safety considerations;

» Materials for formwork;

* Formwork for special structures;

» Formwork for special methods of construction; and

* Qualification of personnel for inspection and testing.

This guide is based on the premise that layout, design, and construction of formwork should be the
responsibility of the formwork engineer/contractor. This is believed to be fundamental to the

achievement of safety and economy of formwork for concrete.

1.2 Definitions

The following definitions will be used in this guide. Many of the terms can also be found in ACI
116R:

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; thus, the slab or other member does not yet support its own weight or existing
construction loads from above.

bugholes—surface air voids: small regular or irregular cavities, usually less than 0.6 in. (15 mm)
in diameter, resulting from entrapment of air bubbles in the surface of formed concrete during

placement and consolidation. Also called blowholes.
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centering—specialized temporary support used in the construction of arches, shells, and space
structures where the entire temporary support is lowered (struck or decentered) as a unit to avoid
introduction of injurious stresses in any part of the structure.

climbing form—a form that is raised vertically for succeeding lifts of concrete in a given
structure.

diagonal bracing—supplementary formwork members designed to resist lateral loads.

engineer/architect—the engineer, architect, engineering firm, architectural firm, or other agency
issuing project plans and specifications for the permanent structure, administering the work under
contract documents, or both.

flying forms—large prefabricated, mechanically handled sections of formwork designed for
multiple reuse; frequently including supporting truss, beam, or shoring assemblies completely
unitized. Note: Historically, the term has been applied to floor forming systems.

form—a temporary structure or mold for the support of concrete while it is setting and gaining
sufficient strength to be self-supporting.

formwork—total system of support for freshly placed concrete, including the mold or sheathing
that contacts the concrete and all supporting members, hardware, and necessary bracing.

formwork engineer/contractor—engineer of the formwork system, contractor, or competent
person in charge of designated aspects of formwork design and formwork operations.

ganged forms—Ilarge assemblies used for forming vertical surfaces; also called gang forms.

horizontal lacing—horizontal bracing members attached to shores to reduce their unsupported
length, thereby increasing load capacity and stability.

preshores—added shores placed snugly under selected panels of a deck-forming system before
any primary (original) shores are removed. Preshores and the panels they support remain in place
until the remainder of the complete bay has been stripped and backshored, a small area at a time.

reshores—shores placed snugly under a stripped concrete slab or other structural member after
the original forms and shores have been removed from a large area, requiring the new slab or
structural member to deflect and support its own weight and existing construction loads to be applied

before installation of the reshores.
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scaffold—a temporary elevated platform (supported or suspended) and its supporting structure
used for supporting workers, tools, and materials; adjustable metal scaffolding can be used for
shoring in concrete work, provided its structure has the necessary load-carrying capacity and
structural integrity.

shores—uvertical or inclined support members designed to carry the weight of the formwork,
concrete, and construction loads above.

slipform—a form that is pulled or raised as concrete is placed; may move in a horizontal
direction to lay concrete for concrete paving or on slopes and inverts of canals, tunnels, and siphons;

or may move vertically to form walls, bins, or silos.

1.3 Achieving economy in formwork

The engineer/architect can help overall economy in the structure by planning so that formwork
costs are minimized. The cost of formwork in the United States can be as much as 60% of the total
cost of the completed concrete structure in place and sometimes greater. This investment requires
careful thought and planning by the engineer/architect when designing and specifying the structure
and by the formwork engineer/contractor when designing and constructing the formwork

Formwork drawings, prepared by the formwork engineer/contractor, can identify potential
problems and should give project site employees a clear picture of what is required and how to
achieve it. The following guidelines show how the engineer/architect can plan the structure so that
formwork economy may best be achieved:

* To simplify and permit maximum reuse of formwork,the dimensions of footings, columns, and
beams shouldbe of standard material multiples, and the number of sizes should be minimized:

* When interior columns are the same width as or smaller than the girders they support, the
column form becomes a simple rectangular or square box without boxouts, and the slab form does not
have to be cut out at cach corner of the column;

* When all beams are made one depth (beams framing into beams as well as beams framing into
columns), the supporting structures for the beam forms can be carried on a level platform supported

on shores;
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* Considering available sizes of dressed lumber, plywood, and other ready-made formwork
components and keeping beam and joist sizes constant will reduce labor time;

* The design of the structure should be based on the use of one standard depth wherever possible
when commercially available forming systems, such as one- or two-way joist systems, are used:

* The structural design should be prepared simultancously with the architectural design so that
dimensions can be better coordinated. Room sizes can vary a few inches to accommodate the
structural design;

* The engineer/architect should consider architectural features, depressions, and openings for
mechanical or electrical work when detailing the structural system, with the aim of achieving
economy. Variations in the structural system caused by such items should be shown on the structural
plans. Wherever possible, depressions in the tops of slabs should be made without a corresponding
break in elevations of the soffits of slabs, beams, or joists;

* Embedments for attachment to or penetration through the concrete structure should be designed
to minimize random penetration of the formed surface; and

* Avoid locating columns or walls, even for a few floors, where they would interfere with the use

of large formwork shoring units in otherwise clear bays.

1.4 Contract documents

The contract documents should set forth the tolerances required in the finished structure but
should not attempt to specify the manner in which the formwork engineer/ contractor designs and
builds the formwork to achieve the required to lerances.The layout and design of the formwork and its
construction should be the responsibility of the formwork engineer/ contractor. This approach gives
the necessary freedom to use skill, knowledge, and innovation to safely construct an economical
structure. By reviewing the formwork drawings the engineer/architect can understand how the
formwork engineer/contractor has interpreted the contract documents. Some local areas have legal
requirements defining the specific responsibilities of the engineer/architect in formwork design,

review, or approval.
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1.4.1 Individual specifications

The specification writer is encouraged to refer to this guide as a source of
recommendations that can be written into the proper language for contract documents.

The specification for formwork will affect the overall economy and quality of the finished
work; therefore, it should be tailored for each particular job, clearly indicate what is expected of the
contractor, and ensure economy and safety. A well-written formwork specification tends to equalize
bids for the work. Unnecessarily exacting requirements can make bidders question the specification
as a whole and make it difficult for them to understand exactly what is expected. They can be overly
cautious and overbid or misinterpret requirements and underbid.

A well-written formwork specification is of value not only to the owner and the
contractor, but also to the field representative of the engineer/architect, approving agency, and the
subcontractors of other trades. Some requirements can be written to allow discretion of the contractor
where quality of finished concrete work would not be impaired by the use of alternative materials and
methods.

Consideration of the applicable general requirements suggested herein will not be
sufficient to make a complete specification. Requirements should be added for actual materials,
finishes, and other items peculiar to and necessary for the individual structure. The engineer/architect
can exclude, call special attention to, strengthen, or make morelenient any general requirement to best
fit the needs of the particular project. Helpful and detailed information is given in Formwork for
Concrete.1.3

1.4.2 Formwork materials and accessories

If the particular design or desired finish requires special attention, the engineer/ architect
can specify in the contract documents the formwork materials and such other features necessary to
attain the objectives. If the engineer/architect does not call for specific
materials or accessories, the formwork engineer/contractor can choose any materials that meet the
contract requirements.

When structural design is based on the use of commercially available form units in
standard sizes, such as one-way or two-way joist systems, plans should be drawn to make use of

available shapes and sizes. Some latitude should be permitted for connections of form units to other
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framing or centering to reflect the tolerances and normal installation practices of the form type
anticipated.
1.4.3 Finish of exposed concrete
Finish requirements for concrete surfaces should be described in measurable terms as
precisely as practicable. Refer to Section 3.4 and Chapter 5.
1.4.4 Design, inspection, review, and approval of formwork
Although the safety of formwork is the responsibility of the contractor, the
engineer/architect or approving agency may, under certain circumstances, decide to review and
approve the formwork, including drawings and calculations.If so, the engineer/architect should call
for such review or approval in the contract documents.
Approval might be required for unusually complicated structures, structures whose
designs were based on a particular method of construction, structures in which the forms impart
a desired architectural finish, certain post-tensioned structures, folded plates, thin shells, or long-span
roof structures.
The following items should be clarified in the contract documents:
* Who will design the formwork;
* Who will inspect the specific feature of formwork and when will the inspection be
performed; and
* What reviews, approvals, or both will be required
a. For formwork drawings;
b. For the formwork before concreting and during concreting; and
c. Who will give such reviews, approvals, or both
1.4.5 Contract documents
The contract documents should include all information about the structure necessary
for the formwork engineer/contractor to design the formwork and prepare formwork drawings,
such as:
* Number, location, and details of all construction joints, contraction joints, and expansion
joints that will be required for the particular job or parts of it;

* Sequence of concrete placement, if critical;
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* Tolerances for concrete construction;

* The live load and superimposed dead load for which the structure is designed and any
live-load reduction used. This is a requirement of ACI 318;

* Intermediate supports under stay-in-place forms, such as metal deck used for forms and
permanent forms of other materials; supports, bracing, or both, required by the
structural engineer’s design for composite action; and any other special supports;

* The location and order of erection and removal of shores for composite construction;

* Special provisions essential for formwork for special construction methods and for
special structures such as shells and folded plates. The basic geometry of such structures,
as well as their required camber, should be given in sufficient detail to permit the
formwork engineer/contractor to build the forms;

* Special requirements for post-tensioned concrete members. The effect of load transfer
and associated movements during tensioning of post-tensioned members can be critical,
and the contractor should be advised of any special provisions that should be made in the

formwork for this condition;

* Amount of required camber for slabs or other structural members to compensate for
deflection of the structure. Measurements of camber attained should be made at the soffit
level after initial set and before removal of formwork supports;

* Where chamfers are required or prohibited on beam soffits or column comers;

* Requirements for inserts, waterstops, built-in frames for openings and holes through
concrete; similar

requirements where the work of other trades will be attached to, supported by, or passed

through formwork;
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* Where architectural features, embedded items, or the work of other trades could change
the Jocation of structural members, such as joists in one- or two-way joist systems, such changes or
conditions should be coordinated by the engineer/architect; and

* Locations of and details for architectural concrete. When architectural details are to be
cast into structural concrete, they should be so indicated or referenced on the structural plans because

they can play a key role in the structural design of the form.

CHAPTER 2—DESIGN

2.1 General
2.1.1 Planning
All formwork should be well planned before construction begins. The amount of planning

required will depend on the size, complexity, and importance (considering reuses) of the form.
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Formwork should be designed for strength and serviceability. System stability and member buckling
should be investigated in all cases.
2.1.2 Design methods

Formwork is made of many different materials, and the commonly used design practices
for each material are to be followed (refer to Chapter 4). For example, wood forms are designed by
working-stress methods recommended by the American Forest and Paper Association. When the
concrete structure becomes a part of the formwork support system, as in many multistory buildings, it
is important for the formwork engineer/contractor to recognize that the concrete structure has been
designed by the strength method. Accordingly, in communication of the loads, it should be clear
whether they are service loads or factored loads.

Throughout this guide, the terms design, design load, and design capacity are used to refer
to design of the formwork. Where reference is made to design load for the permanent structure,
structural design load, structural dead load, or some similar term is used to refer to unfactored service
loads on the structure

2.1.3 Basic objectives

Formwork should be designed so that concrete slabs, walls, and other members will have
the correct dimensions, shape. alignment, elevation, and position within established tolerances.
Formwork should also be designed so that it will safely support all vertical and lateral loads that
might be applied until such loads can be supported by the concrete structure. Vertical and lateral loads
should be carried to the ground by the formwork system or by the in-place construction that has
adequate strength for that purpose. Responsibility for the design of the formwork rests with the
contractor or the formwork engineer hired by the contractor to design and be responsible for the
formwork.

2.1.4 Design deficiencies

Some common design deficiencies that can lead to failure are:

* Lack of allowance in design for loadings such as wind, power buggies, placing equipment,

and temporary material storage;

* Inadequate reshoring;

* Overstressed reshoring;
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* Inadequate provisions to prevent rotation of beam forms where the slabs frame into them
on only one side (Fig. 2.1);

* Insufficient anchorage against uplift due to battered form faces;

* Insufficient allowance for eccentric loading due toplacement sequences;

* Failure to investigate bearing stresses in members in contact with shores or struts;

» Failure to provide proper lateral bracing or lacing of shoring;

* Failure to investigate the slenderness ratio of compression members;

* Inadequate provisions to tie corners of intersecting cantilevered forms together;

* Failure to account for loads imposed on form hardware anchorages during closure of form

panel gaps when aligning formwork; and

* Failure to account for elastic shortening during posttensioning.

2.1.5 Formwork drawings and calculations

Before constructing forms, the formwork engineer/contractor may be required to submit
detailed drawings, design calculations,or both of proposed formwork for review and approval by the
engineer/architect or approving agency. If such drawings are not approved by the engineer/architect
or approving agency, the formwork engineer/contractor should make such changes as may be
required before the start of construction of the formwork.

The review, approval, or both of the formwork drawings does not relieve the contractor of
the responsibility for adequately constructing and maintaining the forms so that they will function
properly. If reviewed by persons other than those employed by the contractor, the review or approval
indicates that no exception is taken by the reviewer to the assumed design loadings in combination
with design stresses shown; the proposed construction methods; the placement rates, equipment, and
sequences; the proposed form materials; and the overall scheme of formwork. All major design values
and loading conditions should be shown on formwork drawings. These include assumed values of
live load; the compressive strength of concrete for formwork removal and for application of
construction loads; rate of placement, minimum temperature, height, and drop of concrete; weight of
moving equipment that can be operated on formwork; foundation pressure; design stresses; camber

diagrams; and other pertinent information, if applicable.
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In addition to specifying types of materials, sizes, lengths, and connection details,formwork

drawings should provide for applicable details, such as:

* Procedures, sequence, and criteria for removal of forms, shores, and reshores;

* Design allowance for construction loads on new slabs when such allowance will affect the
development of shoring,reshoring schemes, or both (refer to Sections 2.5 and 3.8 for
shoring and reshoring of multistory structures);

¢ Anchors, form ties, shores, lateral bracing, and horizontal lacing;

« Field adjustment of forms;

= Waterstops, keyways, and inserts;

* Working scaffolds and runways;

* Weepholes or vibrator holes, where required;

* Screeds and grade strips;

* Location of external vibrator mountings;

* Crush plates or wrecking plates where stripping candamage concrete:

* Removal of spreaders or temporary blocking;

* Cleanout holes and inspection openings;

* Construction joints, contraction joints, and expansion joints in accordance with contract
documents (also refer to ACI 301);

* Sequence of concrete placement and minimum elapsed time between adjacent placements;

* Chamfer strips or grade strips for exposed corners and construction joints;

* Camber;

* Mudsills or other foundation provisions for formwork;

* Special provisions, such as safety, fire, drainage, and protection from ice and debris at
water crossings;

* Formwork coatings;

* Notes to formwork erector showing size and location of conduits and pipes projecting
through formwork;

* Temporary openings or attachments for climbing crane or other material handling

equipment.
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2.2 Loads
2.2.1 Vertical loads

Vertical loads consist of dead and live loads. The weight of formwork plus the weight of
the reinforcement and freshly placed concrete is dead load. The live load includes the weight of the
workers, equipment, material storage, runways, and impact.

Vertical loads assumed for shoring and reshoring design for multistory construction should
include all loads transmitted from the floors above as dictated by the proposed construction schedule.
Refer to Section 2.5,

The formwork should be designed for a live load of not less than 50 Ib/ft2 (2.4 kPa) of
horizontal projection. When motorized carts are used, the live load should not be less than 75 1b/ft2
(3.6 kPa).The design load for combined dead and live loads should not be less than 100 1b/ft2 (4.8
kPa) or 125 1b/ft2 (6.0 kPa) if motorized carts are used.

2.2.2 Lateral pressure of concrete

Unless the conditions of Section 2.2.2.1 or 2.2.2.2 are met, formwork should be designed

for the lateral pressure of the newly placed concrete given in Eq.-(2.1a) or (2.1b). Minimum values

given for ather pressure formulas do not apply to Eq. (2.1a) and (2.1b).

p = wh (Ib/ft2) (2.1a)

p = Pgh (kPa) (2.1b)

where

p = lateral pressure, 1b/ft2 (kPa);

w = unit weight of concrete, 1b/ft3:

[P = density of concrete, kg/m3;

g = gravitational constant, 9.81 N/kg;

h = depth of fluid or plastic concrete from top of placement to point of consideration in form, ft (m).
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A1519N K.A. 1 B4 Unit weight coefficient C  (Table 2.1)

Inch-pound version ST version

Unit weight of concrete C. Density of concrete o

C, = 0.5[1 + (w/2320 kg/m*)]
but not less than (.80

€= 0.5]1 + (w/145 Ib/fc)]

ss than 2240 ke/m?
but not less than 0.80 Less t =

Less than 140 b/

140 to 150 Ibvft® 1.0 2240 to 2400 kN/m? 1O
More than 130 b/t C, = w/145 b/’ More than 2400 kg/m? Ce=w/2320 icg!m"’

The set characteristics of a mixture should be understood,and using the rate of placement,
the level of fluid concrete can be determined. For columns or other forms that can be filled rapidly
before stiffening of the concrete takes place, h should be taken as the full height of the form or the
distance between horizontal construction joints when more than one placement of concrete is to be
made. When working with mixtures using newly introduced admixtures that increase set time or
increase slump characteristics, such as selfconsolidating concrete, Eq. (2.1a) [(2.1b)] should be used
until the effect on formwork pressure is understood by measurement.

2.2.2.1 Inch-pound version

For concrete having a slump of 7 in. or less and placed with normal internal
vibration to a depth of 4 ft or less, formwork can be designed for a lateral pressure as follows, where
pmax = maximum lateral pressure, Ib/ft2; R = rate of placement, fi/h; T = temperature of concrete
during placing, °F; Cw = unit weight coefficient per Table 2.1;and Cc = chemistry coefficient per
Table 2.2.

For columns:

P =CwCc[150+ 9000R/T] (2.2)

max

with a minimum of 600Cw Ib/ft2, but in no case greater than wh.

For walls with a rate of placement of less than 7 ft/h and a placement height not exceeding 14 ft
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Pmax = CwCc[150 + 9000R/T] (2.3)

with a minimum of 600Cw 1b/ft2, but in no case greater than wh.
For walls with a placement rate less than 7 ft/h where

placement height exceeds 14 ft, and for all walls with aplacement rate of 7 to 15 ft/h
Pmax = CwCc[150 + 43,400/T + 2800R/T] (2.4)

with a minimum of 600Cw Ib/ft2, but in no case greater than wh.
2.2.2.1 SI version
For concrete having a slump of 175 mm or less and placed with normal internal
vibration to a depth of 1.2 m or less, formwork can be designed for a lateral pressure as follows,
where pmax = maximum lateral pressure, kPa; R =rate of placement, m/h; T = temperature of
concrete duringplacing, °C: Cw = unit weight coefficient per Table 2.1; and Cc = chemistry
coefficient per Table 2.2.

For columns

A1 W0, 2 LaAg Chemistry coefficient Cc(Table 2.2)

Cement type or blend C
Types I, I1. and II1 without retarders”™ 1.0
Types 1. 11 and 11 with a retarder 12

Other types or blends containing less than 709% slag

. ) ‘ 1.2
or 40%: fly ash without retarders
Other types or blends containing less than 70% slag 1 4
s 5 * .
or 40% 1y ash with a retarder
Blends containing more than 70% slag or 409 1y ash 1.4

*Retarders include any admixture, such as a retarder, retarding water reducer, retarding midrange
water-reducing admixture, or high-range water-reducing admixture (superplasticizer),that delays

setting of concrete
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Pmax = CwCc (2.2)

with a minimum of 30Cw kPa, but in no case greater than Pgh.
For walls with a rate of placement of less than 2.1 m/h and

a placement height not exceeding 4.2 m

Pmax = CwCc (2.3)

with a minimum of 30Cw kPa, but in no case greater than Dgh.
For walls with a placement rate less than 2.1 m/h where
placement height exceeds 4.2 m, and for all walls with a

placement rate of 2.1 to 4.5 m/h

Pmax = CwCec (2.4)

with a minimum of 30Cw kPa, but in no case greater than Pgh.

2.2.2.1.1 The unit weight coefficient Cw is determined from Table 2.1.

2.2.2.1.2 The chemistry coefficient Cc is determined from Table 2.2,

2.2.2.1.3 For the purpose of applying the pressure formulas, columns are defined as
vertical elements with no plan dimension exceeding 6.5 ft (2 m). Walls are
defined as vertical elements with at least one plan dimension greater than
6.5 ft (2 m).

2.2.2.2 Alternatively, a method based on appropriate experimental data can be used to

determine the lateral pressure used for form design (References 2.2 to 2.7).
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A1919N KA. 3 ua@d Minimum safety factors of formwork accessories (Table 2.3)

Accessory  |Safety factor Type of construction
Form tie 2.0 All applicatians
2.0 Formwork supporting form weight and

concrele pressures only
Form anchor
3.0 Formwork supporting weight of forms.,

concrete, construction live loads, and impact

Form hangers 2.0 All applications
Anchoring
inserts used 243 Precast-concrete panels when used as formwork

as form ties

Safety factors are based on the ultimate strength of the accessory when new.

2.2.2.3 If concrete is pumped from the base of the form, the form should be designed for
full hydrostatic head of concrete wh plus a minimum allowance of 25% for pump surge pressure. In
certain instances, pressures can be as high as the face pressure of the pump piston.

2.2.2.4 Caution is necessary and additional allowance for pressure should be considered
when using external vibration or concrete made with shrinkage compensating or expansive cements.
Pressures in excess of the equivalent hydrostatic head can occur.

2.2.2.5 For slipform lateral pressures, refer to Section7.3.2.4.

2.2.3 Horizontal loads
Braces and shores should be designed to resist all horizontal loads such as wind, cable

tensions, inclined supports, dumping of concrete, and starting and stopping of equipment. Wind loads
on enclosures or other wind breaks attached to the formwork should be considered in addition to these
loads.

2.2.3.1 For building construction, the assumed value of horizontal load due to wind,
dumping of concrete,inclined placement of concrete, and equipment acting in any direction at each
floor line should be not less than 100 Ib/linear ft (1.5 kN/m) of floor edge or 2% of total dead load on
the form distributed as a uniform load per linear foot (meter)of slab edge, whichever is greater.

2.2.3.2 Wall form bracing should be designed to meet the minimum wind load requirements
of the local building code or ANSI/SEI/ASCE-7 with adjustment for shorter recurrence interval as

provided in SEI/ASCE 37. For wall forms exposed to the elements, the minimum wind design load
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should be not less than 15 Ib/ft2 (0.72 kPa). Bracing for wall forms should be designed for a
horizontal load of at least
100 Ib/linear ft (1.5 kN/m) of wall length, applied at the top.
2.2.3.3 Wall forms of unusual height or exposure should be given special consideration.

2.2.4 Special loads
The formwork should be designed for any special conditions of construction likely to occur,such as
unsymmetrical placement of concrete, impact of machine-delivered concrete, uplift, concentrated
loads of reinforcement, form handling loads, and storage of construction materials. Form designers
should provide for special loading conditions, such as walls constructed over spans of slabs or
beams that exert a different loading pattern before hardening of concrete than that for which the supporting Structure is
designed.

Imposition of any construction loads on the partiallycompleted structure should not be
allowed, except as specifiedin formwork drawings or with the approval of the engineer/architect.
Refer to Section 3.8 for special conditionspertaining to multistory work.

2.2.5 Post-tensioning loads—Shores, reshores, and backshores need to be analyzed for both concrete. .

placement loads and for all load transfer that takes place during post-tensioning.

2.3 Unit stresses

Unit stresses for use in the design of formwork, exclusive of accessories, are given in the
applicable codes or specificationslisted in Chapter 4. When fabricated formwork, shoring, or
scaffolding units are used, manufacturer’s recommendations for allowable loads can be followed if
supported by engineering calculations, test reports of a qualified and recognized testing agency, or
successful experience records. For formwork materials that will experience substantial reuse, reduced
values should be used. For formwork materials with limited reuse, allowable stresses specified in the
appropriate design codes or specifications for temporary structures or for temporary loads on
permanent structures can be used. Where there will be a considerable number of formwork reuses or
where formwork is fabricated from materials such as steel, aluminum, or magnesium, the formwork

should be designed as a permanent structure carrying permanent loads.




140

2.4 Safety factors for accessories
Table 2.3 shows recommended minimum factors of safety for formwork accessories, such as form
ties, form anchors, and form hangers. In selecting these accessories, the formwork designer should be

certain that materials furnished for the job meet these minimum ultimatestrength safety requirements.

2.5 Shores

Shores and reshores or backshores (as defined in Section 1.2) should be designed to carry all loads
transmitted to them. A rational analysis should be used to determine the number of floors to be
shored, reshored, or backshored and to determine the loads transmitted to the floors, shores, and
reshores or backshores as a result of the construction sequence.

The analysis should consider, but should not necessarily be limited to:

* Structural design load of the slab or member including live load, partition loads, and other loads

for which the engineer of the permanent structure designed the slab. Where the engineer included

a reduced live load for the design of certain members and allowances for construction loads, such

values should be shown on the structural plans and be taken into consideration when performing
this analysis;

* Dead load weight of the concrete and formwork;

* Construction live loads, such as placing crews and equipment or stored materials:

* Design strength of specified concrete;

* Cycle time between the placement of successive floors;

* Strength of concrete at the time it is required to supportshoring loads from above;

* The distribution of loads between floors, shores, and reshores or backshores at the time of
placing concrete,stripping formwork, and removal of reshoring or backshoring;1.3, 2.8, 2.9,
2.10

* Span of slab or structural member between permanent supports;

* Type of formwork systems, that is, span of horizontal formwork components, and individual

shore loads; and

* Minimum age of concrete where appropriate.



141

Commercially available load cells can be placed underselected shores to monitor actual shore
loads to guide the shoring and reshoring during construction.2.11

Field-constructed butt or lap splices of timber shoring are not recommended unless they are
made with fabricated hardware devices of demonstrated strength and stability. If plywood or lumber
splices are made for timber shoring, they should bedesigned to prevent buckling and bending of the
shoring.

Before construction, an overall plan for scheduling of shoring and reshoring or backshoring, and
calculation of loads transferred to the structure, should be prepared by a qualified and experienced
formwork designer. The structure’s capacity to carry these loads should be reviewed or approved by

the engineer/architect. The plan and responsibility for its execution remain with the contractor.

2.6 Bracing and lacing

The formwork system should be designed to transfer all horizontal loads to the ground or to
completed construction in such a manner as to ensure safety at all times. Diagonal bracing should be
provided in vertical and horizontal planes where required to resist lateral loads and to prevent
instability of individual members. Horizontal lacing can be considered in design to hold in place and
increase the buckling strength of individual shores and reshores or backshores. Lacing should be
provided in whatever directions are necessary to produce the correct slenderness ratio 1/ for the load
supported, where | = unsupported length and r = least radius of gyration. The braced system should be

anchored to ensure stability of the total system.

2.7 Foundations for formwork

Proper foundations on ground, such as mudsills, spread footings, or pile footings, should be
provided. If soil under mudsills is or may become incapable of supporting superimposed loads
without appreciable settlement, it should be stabilized or other means of support should be provided.

No concrete should be placed on formwork supported on frozen ground.
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2.8 Settlement
Formwork should be designed and constructed so that vertical adjustments can be made to

compensate for take-up and settlements.

CHAPTER 3 CONSTRUCTION

3.1 Safety precautions

Contractors should follow all state, local, and federal codes, ordinances, and regulations pertaining
to forming and shoring. In addition to the very real moral and legal responsibility to maintain safe
conditions for workmen and the public, safe construction is, in the final analysis, more economical
than any short-term cost savings from cutting corners on safety provisions.

Attention to safety is particularly significant in formwork construction that supports the concrete
during its plastic state and until the concrete becomes structurally self-sufficient. Following the
design criteria contained in this guide is essential for ensuring safe performance of the forms. All
structural members and connections should be carefully planned so that a sound determination of
loads may be accurately made and stresses calculated.

In addition to the adequacy of the formwork, special structures, such as multistory buildings,
require consideration of the behavior of newly completed beams and slabs that are used to support
formwork and other construction loads. It should be kept in mind that the strength of freshly cast
slabs or beams is less than that of a mature slab.

Formwork failures can be attributed to substandard materials and equipment, human error, and
inadequacy in design. Careful supervision and continuous inspection of formwork during erection,
concrete placement, and removal can prevent many accidents.

Construction procedures should be planned in advance to ensure the safety of personnel and the
integrity of the finished structure. Some of the safety provisions that should be considered are:

* Erection of safety signs and barricades to keep unauthorized personnel clear of areas in which

erection,concrete placing, or stripping is under way;

* Providing experienced form watchers during concrete placement to ensure early recognition of

possible form displacement or failure. A supply of extra shores or other material and equipment

that might be needed in an emergency should be readily available;
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* Provision for adequate illumination of the formwork and work area;

* Inclusion of lifting points in the design and detailing of all forms that will be crane-handled. This
is especially important in flying forms or climbing forms. In the case of wall formwork,
consideration should be given to an independent work platform bolted to the previous lift;

* Incorporation of scaffolds, working platforms, and guardrails into formwork design and all

formwork drawings;

* Incorporation of provisions for anchorage of alternative fall protection devices, such as personal

fall arrest systems, safety net systems, and positioning device systems; and

* A program of field safety inspections of formwork.

3.1.1 Formwork construction deficiencies
Some common construction deficiencies that can lead to formwork failures are:

* Failure to inspect formwork during and after concrete
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gﬂ‘ﬁ #W.A. 3 Uplift of formwork. Connection of shores to joistsand stringers should hold shores

in place ( Fig. 3.2)
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when uplift or torsion occurs. Lacing to reduce the shore slenderness ratio can be
required in both directions
placement to detect abnormal deflections or other signs of imminent failure that could be
corrected;
* Insufficient nailing, bolting, welding, or fastening;
* Insufficient or improper lateral bracing;
* Failure to comply with manufacturer’s recommendations;
* Failure to construct formwork in accordance with the form drawings;
* Lack of proper field inspection by qualified persons to ensure that form design has been
properly interpreted by form builders; and
* Use of damaged or inferior lumber having lower strength than needed
3.1.1.1 Examples of deficiencies in vertical formwork
Construction deficiencies sometimes found in vertical formworkinclude:
* Failure to control rate of placing concrete verticallywithout regard to design
parameters;
* Inadequately tightened or secured form ties or hardware;
* Form damage in excavations resulting from embankmentfailure;
* Use of external vibrators on forms not designed fortheir use;
* Deep vibrator penetration of earlier semihardened lifts;
* Improper framing of blockouts;
* Improperly located or constructed pouring pockets;
* Inadequate bulkheads;
* Improperly anchored top forms on a sloping face;
* Failure to provide adequate support for lateral pressures on formwork: and
* Failure to provide adequate bracing resulting in attempts to plumb forms against

concrete pressure force.
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3.1.1.2 Examples of deficiencies in horizontal formwork
Construction deficiencies sometimes found in horizontal forms for elevated
structures include:

* Failure to properly regulate the rate and sequence of placing concrete horizontally
to avoid unanticipated loadings on the formwork;

* Shoring not plumb, thus inducing lateral loading and reducing vertical load
capacity;

* Locking devices on metal shoring not locked, inoperative,or missing, Safety nails
missing on adjustable twopiece wood shores;

* Failure to account for vibration from adjacent moving loads or load carriers;

* Inadequately tightened or secured shore hardware or wedges:

* Loosening or premature removal of reshores or backshores under floors below;

* Premature removal of supports, especially under cantilevered sections;

* Inadequate bearing area or unsuitable soil under mudsills (Fig. 3.1);

* Mudsills placed on frozen ground subject to thawing;

* Connection of shores to joists, stringers, or wales that are inadequate to resist
uplift or torsion at joints (refer to Fig. 3.2);

* Failure to consider effects of load transfer that can occur during post-tensioning
(refer to Section 3.8.7); and

* Inadequate shoring and bracing of composite construction

3.2 Construction practices and workmanship
3.2.1Fabrication and assembly details
3.2.1.1 Studs, wales, or shores should be properlyspliced.
3.2.1.2 Joints or splices in sheathing, plywood panels,and bracing should be staggered.
3.2.1.3 Shores should be installed plumb and with adequate bearing and bracing.

3.2.1.4 Specified size and capacity of form ties or clamps should be used.
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3.2.1.5 All form ties or clamps should be installed and properly tightened as specified. All
threads should fully engage the nut or coupling. A double nut may be required to
develop the full capacity of the tie.

3.2.1.6 Forms should be sufficiently tight to prevent loss of mortar from the concrete.

3.2.1.7 Access holes may be necessary in wall forms or other high, narrow forms to
facilitate concrete placement.

3.2.2 Joints in the concrete
3.2.2.1 Contraction joints, expansion joints, control joints, construction joints, and isolation
joints should be installed as specified in the contract documents (refer to Fig. 3.3) or as requested by

the contractor and approved by the engineer/architect.
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REMAIN IN PLACE UNTIL ADJACENT SPAN
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;a"'ﬂﬁ W.A.4 Forming and shoring restraints at construction joints in supported slabs.( Fig. 3.3)

3.2.2.2 Bulkheads for joints should preferably bemade by splitting the bulkhead along the
lines of reinforcement passing through the bulkhead. By doing this, each portion can be positioned
and removed separately. When required on the engineer/architect’s plans, beveled inserts at control
Joints should be left undisturbed when forms are stripped and removed only after the concrete has
been sufficiently cured. Wood strips inserted for architectural treatment should be kerfed to permit

swelling without causing pressure on the concrete.
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3.2.3 Sloping surfaces
Sloped surfaces steeper than 1.5 horizontal to 1 vertical should be provided with a top
form to hold the shape of the concrete during placement, unless it can be demonstrated that the top
forms can be omitted.
3.2.4 Inspection
The inspection should be performed by a person certified as an ACI Concrete Construction
Inspector or a person having equivalent formwork training and knowledge.
3.2.4.1 Forms should be inspected and checked before the reinforcing steel is placed to
confirm that the dimensions and the location of the concrete members will conform to the structural
plans.
3.2.4.2 Blockouts, inserts, sleeves, anchors, and other embedded items should be properly
identified, positioned,and secured.
3.2.4.3 Formwork should be checked for camber when specified in the contract documents
or shown on the formwork drawings.
3.2.5 Cleanup and coatings
3.2.5.1 Forms should be thoroughly cleaned of all dirt, mortar, and foreign matter and
coated with a release agent before each use. Where the bottom of the form is inaccessible from
within, access panels should be provided to permit thorough removal of extraneous material before
placing concrete. If surface appearance is important, forms should not be reused if damage from
previous use would cause impairment to concrete surfaces.
3.2.5.2 Form coatings should be applied before placing of reinforcing steel and should not
be used in such quantities as to run onto bars or concrete construction joints.
3.2.6 Construction operations on the formwork
3.2.6.1 Building materials, including concrete, should not be dropped or piled on the
formwork in such a manner as to damage or overload it.
3.2.6.2 Runways for moving equipment should be provided with struts or legs as required
and should besupported directly on the formwork or structural member. They should not bear on or

be supported by the reinforcing steel unless special bar supports are provided. The formwork should
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be suitable for the support of such runways without significant deflections, vibrations, or lateral
movements.
3.2.7 Loading new slabs
Overloading of new slabs by temporary material stockpiling or by early application of
permanent loads should be avoided. Loads, such as aggregate,lumber, reinforcing steel, masonry, or

machinery should not be placed on new construction in such a manner as to damage or overload it.

3.3 Tolerances

Tolerance is a permissible variation from lines, grades, or dimensions given in contract
documents. Suggested tolerances for concrete structures can be found in ACI 117. The contractor
should set and maintain concrete forms, including any specified camber, to ensure completed work is
within the tolerance limits.

3.3.1 Recommendations for engineer/architect and contractor—Tolerances should be specified
by the engineer/architect so that the contractor will know precisely what is required and can design
and maintain the formwork accordingly. Specifying tolerances more exacting than needed can
increase construction costs. Contractors should be required to establish and maintain control points
and benchmarks in an undisturbed condition until final completion and acceptance of a project. Both
should be adequate for the contractor’s use and for reference to establish tolerances. This requirement
can become even more important for the contractor’s protection when tolerances are not specified or
shown. The engineer/architect should specify tolerances or require performance appropriate to the
type of construction. Specifying tolerances more stringent than commonly obtained for a specific type
of construction should be avoided, as this usually results in disputes among the parties involved. For
example, specifying permitted irregularities more stringent than those allowed for a Class C surface
(Table 3.1) is incompatible with most concrete oneway joist construction techniques. Where a project
involves features sensitive to the cumulative effect of tolerances on individual portions, the
engineer/architect should anticipate and provide for this effect by setting a cumulative tolerance.
Where a particular situation involves several types of generallyaccepted tolerances on items such as
concrete, location of reinforcement, and fabrication of reinforcement, which become mutually

incompatible, the engineer/architect should anticipate the difficulty and specify special tolerances or
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indicate that governs. The project specifications shouldclearly state that a permitted variation in one
part of the construction or in one section of the specifications should not be construed as permitting
violation of the more stringent requirements for any other part of the construction or in any other such
specification section.

The engineer/architect should be responsible for coordinating the tolerances for concrete
work with the tolerance requirements of other trades whose work adjoins the concrete construction.
For example, the connection detail for a building’s fagade should accommodate the tolerance range

for the lateral alignment and elevation of the perimeter concrete member.
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M31497 KW.A. 4 Permitted abrupt or gradual irregularities in formed surfaces as

measured within a 5 ft (1.5 m) length with a straightedge (Table 3.1)

Class of surface
A B C D

1/8 in. (3 mm) 1/4 in. {6 mm) 12 in. (13 mm) lin. (25 mm)

3.4 Irregularities in formed surfaces

This section provides a way of evaluating surface variations due to forming quality but is not
intended for evaluation of surface defects, such as bugholes (blowholes) and honeycomb.attributable
to placing and consolidation deficiencies. The latter are more fully explained by ACI 309.2R.
Allowable irregularities are designated either abrupt or gradual. Offsets and fins resulting from
displaced, mismatched, or misplaced forms, sheathing, or liners, or from defects in forming materials
are considered abrupt irregularities. Irregularities resulting from warping and similar uniform
variations from planeness or true curvature are considered gradual irregularities

Gradual irregularities should be checked with a straightedge for plane surfaces or a shaped
template for curved or warped surfaces. In measuring irregularities, the straightedge or template
can be placed anywhere on the surface in any direction.

Four classes of formed surface are defined in Table 3.1. The engineer/architect should indicate
which class is required for the work being specified or indicate other irregularity limits where needed,
or the concrete surface tolerances as specified in ACI 301 should be followed.

Class A is suggested for surfaces prominently exposed to public view where appearance is of
special importance. Class B is intended for coarse-textured, concrete-formed surfaces intended to
receive plaster, stucco, or wainscoting. Class C is a general standard for permanently exposed
surfaces where other finishes are not specified. Class D is a minimum-quality requirement for
surfaces where roughness is not objectionable, usually applied where surfaces will be permanently
concealed. Special limits on irregularities can be needed for surfaces continuously exposed to flowing
water, drainage, or exposure, If permitted irregularities are different from those given in Table 3.1,

they should be specified by the engineer/architect.
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3.5 Shoring and centering
3.5.1 Shoring
Shoring should be supported on satisfactory foundations, such as spread footings,
mudsills, or piling, as discussed in Section 2.7. Shoring resting on intermediate slabs or other
construction already in place need not be located directly above shores or reshores below, unless the
slab thickness and the location of its reinforcement are inadequate to take the reversal of stresses and
punching shear. The reversal of stresses results from the reversal of bending moments in the slab over
the shore or reshore below as shown in Fig. 3.4. Where the conditions are questionable, the shoring
location should be approved by the engineer/architect. If reshores do not align with the shores above,
then calculate for reversal stresses.Generally, the dead load stresses are sufficient to compensate
for reversal stresses caused by reshores. Reshores should be prevented from falling.
All members should be straight and true without twists or bends. Special attention should
be given to beam and slab or one- and two-way joist construction to prevent local overloading when a
heavily loaded shore rests on the thin slab.
Multitier shoring, single-post shoring in two or more tiers, is a dangerous practice and is
not recommended. Where a slab load is supported on one side of the beam only (refer to Fig. 2.1),
edge beam forms should be carefully planned to prevent tipping of the beam due to unequal loading.
Vertical shores should be erected so that they cannot tilt and should have a firm bearing.
Inclined shores should be braced securely against slipping or sliding. The bearing ends of shores
should be square. Connections of shore heads to other framing should be adequate to prevent the
shores from falling out when reversed bending causes upward deflection of the forms
(refer to Fig. 3.2).
3.5.2 Centering
When centering is used, lowering is generally accomplished by the use of sand boxes,
jacks, or wedges beneath the supporting members. For the special problems associated with the
construction of centering for folded plates, thin shells, and long-span roof structures, refer to Section
6.4.
3.5.3 Shoring for composite action between previously erected steel or concrete framing and

cast-in-placeconcrete—Refer to Section 6.3.
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3.6 Inspection and adjustment of formwork
Helpful information about forms before, during, and after concreting can be found in Reference
1.3 and ACI311.1R.
3.6.1 Before concreting
3.6.1.1 Telltale devices should be installed on shores or forms to detect formwork
movements during concreting.
3.6.1.2 Wedges used for final alignment before concrete placement should be secured in
position before the final check.
3.6.1.3 Formwork should be anchored to the shores below so that movement of any part of
the formwork system will be prevented during concreting.
3.6.1.4 Additional elevation of formwork should be provided to allow for closure of form
joints, settlements of mudsills, shrinkage of lumber, and elastic shortening and dead load deflections
of form members.
3.6.1.5 Positive means of adjustment (wedges or jacks) should be provided to permit
realignment or readjustment of shores if settlement occurs.
3.6.2 During and after concreting
During and after concreting, but before initial set of the concrete, the elevations, camber,
and plumbness of formwork systems should be checked using telltale devices.
Formwork should be continuously watched so that any corrective measures found necessary can be
promptly made. Form watchers should always work under safe conditions and establish in advance a

method of communication with placing crews in case of emergency.

3.7 Removal of forms and supports
3.7.1 Discussion
Although the contractor is generally responsible for design, construction, and safety of

formwork, criteria for removal of forms or shores should be specified by the engineer/architect.
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3.7.2 Recommendations

3.7.2.1 The engineer/architect should specify the minimum strength of the concrete to be
attained before removal of forms or shores. The strength can be determined by tests on job-cured
specimens or on in-place concrete. Other concrete tests or procedures (refer to ACI 228.1R) can be
used such as the maturity method, rebound numbers,penetration resistance, or pullout tests, but these
methods should be correlated to the actual concrete mixture used in the project, periodically verified
by job-cured specimens, and approved by the engineer/architect. The engineer/architect should
specify who will make the specimens and who will make the tests. Results of such tests, as well as
records of weather conditions and other pertinent information, should be recorded by the contractor.
Depending on the circumstances, a minimum elapsed time after concrete placement can be
established for removal of the formwork.

Determination of the time of form removal should be based on the resulting effect
on the concrete.* When forms are stripped there should be no excessive deflection or distortion and
no evidence of damage to the concrete due to either removal of support or to the stripping operation
(Fig. 3.5). When forms are removed before the specified curing is completed, measures should be
taken to continue the curing and provide adequate thermal protection for the concrete. Supporting
forms and shores should not be removed from beams, floors, and walls until these structural units are
strong enough to carry their own weight and any approved superimposed load. In no case should
supporting forms and shores be removed from horizontal members before the concrete has achieved
the strength specified by the engineer/architect.

As a general rule, the forms for columns and piers can be removed before forms for
beams and slabs. Formwork and shoring should be constructed so each can be easily and safely
removed without impact or shock and permit the concrete to carry its share of the load gradually and
uniformly:,

3.7.2.2 The removal of forms, supports, and protective enclosures, and the discontinuance
of heating and curing should follow the requirements of the contract documents. When standard beam
or cylinder tests are used to determine stripping times, test specimens should be cured under

conditions that are not more favorable than the most unfavorable conditions for the concrete the test
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specimens represent. The curing records can serve as the basis on which the engineer/architect will
determine the review or approval of form stripping.

3.7.2.3—Because the minimum stripping time is a function of concrete strength, the preferred method
of determining stripping time is using tests of job-cured cylinders or concrete in place. When the
contract documents do not specify the minimum strength required of concrete at the time of stripping,
however, the following elapsed times can be used. The times shown represent a cumulative number of
days, or hours, not necessarily consecutive, during which the temperature of the air surrounding the
concrete is above 50 °F (10 °C). If high early-strength concrete is used, these periods can be reduced
as approved by the engineer/architect. Conversely, if ambient temperatures remain below 50 °F
(10 °C), or if retarding agents are used, then these periods should be increased at the discretion of the
engineer/architect. Shorter stripping times listed for live load to dead load ratios greater than 1.0 are

the result of more reserve strength being available for dead load in absence of live load at time of

stripping.
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Over 20 ft (6 m) clear span

between Structural SUPPOIES ........everueureeiiieiet ettt 21 daysi 14 days

One-way floor slabs

Under 10 ft (3 m) clear span

between Structural SUPPOITS .......cvvviviiiieeiectie et 4 days} 3 days

10 to 20 ft (3 to 6 m) clear span

between Structural SUPPOTLS .........ccruiervommiuereremeremiesseseseses s e oeissemses s staneseeessereseeseseeeos 7 daysi 4 days

Over 20 ft (6 m) clear span

between structural SUPRITES ... e M M ot st cesesrerers B 10 days] 7 days
Two-way slab systems§........ Removal times are contingent on reshores where

required, being placed as soon as practicable after stripping operations are complete but not later than

the end of the working day in which stripping occurs. Where reshores are required to implement early

stripping while minimizing sag or creep (rather than for distribution of superimposed construction

loads as covered in Section 3.8), capacity and spacing of such reshores should be designed by the

. formwork engineer/contractor and reviewed by the engincer/architect. Post-tensioned slab

system§........ As soon as full posttensioning has been applied

3.8 Shoring and reshoring of multistory structures
3.8.1 Discussion

The following definitions apply for purposes of this discussion:

shores—vertical or inclined support members designed to carry the weight of formwork,
concrete, and construction loads.

reshores—shores placed snugly under a stripped concrete slab or structural member after
the original forms and shores have been removed from a large area. This requires the new slab or
structural member to deflect and support its ownweight and existing construction loads applied before
theinstallation of the reshores. It is assumed that the reshores carry no load at the time of installation.
Afterward, additional construction loads will be distributed among all members connected by

reshores.
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Multistory work represents special conditions, particularly in relation to the removal of
forms and shores. Reuse of form material and shores is an obvious economy. Furthermore, the speed
of construction in this type of work permits other trades to follow concreting operations from floor to
floor as closely as possible. The shoring that supports freshly placed and low-strength early-age
concrete, however, is supported by lower floors that were not originally designed specifically for
these loads. The loads imposed must not exceed the safe capacity of each floor providing support. For
this reason, shoring or reshoring should be provided for a sufficient number of floors to distribute the
imposed construction loads to several slab levels without causing excessive stresses, excessive slab
deflections,orboth.1.3,2.8, 2.9,2.10 Reshoring isused to distribute construction loads to the lower
floors.

In a common method of analysis, while reshoring remains in place at grade level, each
level of reshores carries the weight of only the new slab plus other construction live loads. The weight
of intermediate slabs is not included because each slab carries its own weight before reshores are
put in place.

Once the tier of reshores in contact with grade has been removed. the assumption is made
that the system of slabs behaves elastically. The slabs interconnected by reshores will deflect, equally
during addition or removal of loads. Loads will be distributed among the slabs in proportion to their
developed stiffness. The deflection of concrete slabs can be considered elastic, that is, neglecting
shrinkage and creep. Caution should also be taken when a wood compressible system is used. Such
systems tend to shift most of the imposed construction loads to the upper floors, which have less
strength. Addition or removal of loads may be due to construction activity or to removing shores or
reshores in the system. Shore loads are determined by equilibrium of forces at each floor level.

3.8.2 Advantages of reshoring

Stripping formwork 1s more economical if all the material can be removed at the same time
and moved from the area before placing reshores. Slabs are allowed to support their own weight,
reducing the load in the reshores. Combination of shores and reshores usually requires fewer levels of

interconnected slabs, thus freeing more areas for other trades.
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3.8.3 Other methods

Other methods of supporting newconstruction are less widely used and involve leaving
theoriginal shores in place or replacing them individually (backshoring and preshoring), which
prevents the slab fromdeflecting and carrying its own weight. These methods are not recommended
unless performed under careful supervision by the formwork engineer/contractor and with review by
the engineer/architect because excessively high slab and shore stresses can develop.

3.8.4 Design
Refer to Chapter 2.
3.8.5 Placing reshores

When used in this section, the word shore refers to either reshores or the original shores.
Reshoring is one of the most critical operations in formwork; consequently, the procedure should be
planned in advance by the formwork engineer/contractor and should be reviewed or approved by the
engineer/architect. Operations should be performed so that areas of new construction will not be
required to support combined dead and construction loads in excess of their capability, as determined
by design load and developed concrete strength at the time of stripping and reshoring.

Shores should not be located so as to alter the pattern of stress determined in the structural
analysis or induce tensile stresses where reinforcing bars are not provided. Size and number of shores,
and bracing, if required, should provide a supporting system capable of carrying any loads that could
be imposed on it.

Where possible, shores should be located in the same position on each floor so that they
will be continuous in their support from floor to floor. When shores above are not directly over shores
below, an analysis should be made to determine whether or not detrimental stresses are produced in
the slab. This condition seldom occurs in reshoring because the bending stresses normally caused by
the offset reshores are not large enough to overcome the stress resulting from the slab carrying its
own dead load. Where slabs are designed for light live loads or on long spans where the loads on the
shores are heavy, care should be used in placing the shores so that the loads on the shores do not
cause excessive punching shear or bending stress in the slab.

While reshoring is under way, no construction loads should be permitted on the new

construction unless the new construction can safely support the construction loads.
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When placing reshores, care should be taken not to preload the lower floor and not to
remove the normal deflection of the slab above. The reshore is simply a strut and should be tightened
only to the extent necessary to achieve good bearing contact without transferring load between upper
and lower floors.

3.8.6 Removal of reshoring
Shores should not be removed until the supported slab or member has attained sufficient
strength to support itself and all applied loads. Removal operations should be carried out in
accordance with a planned sequence so that the structure supported is not subject to impact or loading
eccentricities.
3.8.7 Post-tensioning effects on shoring and reshoring

The design and placement of shores and reshores for post-tensioned construction requires
more consideration than for normal reinforced concrete. The stressing of posttensioning tendons can
cause overloads to occur in shores, reshores, or other temporary supports. The stressing sequence has
the greatest effect. When a slab is post-tensioned, the force in the tendon produces a downward load
at the beam. If the beam is shored, the shoring should carry this added load. The magnitude of the
load can approach the dead load of 1/2 the slab span on both sides of the beam. If the floor slab is
tensioned before the supporting beams and girders, a careful analysis of the load transfer to the beam
or girder shores orreshores will be required.Similar load transfer situations occur in post-tensioned

bridge construction.

CHAPTER 4 MATERIALS

4.1 General

The selection of materials suitable for formwork should be based on the price, safety during
construction, and the quality required in the finished product. Approval of formwork materials by the
engineer/architect, if required by the contract documents, should be based on how the quality of
materials affects the quality of finished work. Where the concrete surface appearance is critical, the
engineer/architect should give special notice and make provision for preconstruction mockups. Refer

to Chapter 5 for architectural concrete provisions.
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4.2 Properties of materials
4.2.1 General

Formwork for Concretel.3 describes the formwork materials commonly used in the
United States and provides extensive related data for form design. Useful specification and design
information is also available from manufacturers and suppliers. Table 4.1 indicates specific
sources of design and specification data for formwork materials. This tabulated information should
not be interpreted to exclude the use of any other materials that can meet quality and safety
requirements established for the finished work.

4.2.2 Sheathing

Sheathing is the supporting layer of formwork closest to the concrete. It can be in direct
contact with the concrete or separated from it by a form liner. Sheathing consists of wood, plywood,
metal, or other materials capable of transferring the load of the concrete to supporting members, such
as joists or studs. Liners are made of wood, plastic, metal, cloth, or other materials selected to alter or
enhance the surface of the finished concrete. In selecting and using sheathing and lining materials,
important considerations are:

* Strength;

* Stiffness;

* Release;

* Reuse and cost per use;

* Surface characteristics imparted to the concrete, such as wood grain transfer, decorative

patterns, gloss, orpaintability;

* Absorptiveness or ability to drain excess water from the concrete surface;

* Resistance to mechanical damage, such as from vibrators and abrasion from slipforming;

* Workability for cutting, drilling, and attaching fasteners;

* Adaptability to weather and extreme field conditions, temperature, and moisture; and

* Weight and ease of handling.
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4.2.3 Structural supports
Structural support systems carry the dead and live loads that have been transferred through
the sheathing. Important considerations are:
* Strength;
« Stiffness;
* Dimensional accuracy and stability;
* Workability for cutting, drilling, and attaching fasteners;
* Weight;
* Cost and durability; and

* Flexibility to accommodate varied contours and shapes

4.3 Accessories
4.3.1 Form ties
A form tie is a tensile unit used to hold concrete forms against the active pressure of
freshly placed plastic concrete. In general, it consists of an inside tensile member and an external
holding device, both made to specifications of various manufacturers. These manufacturers also
publish recommended working loads on the ties for use in form design. There are two basic types of
tic rods: the onepiece prefabricated rod or band type and the threaded internal disconnecting type.
Their suggested working loads range from 1000 to more than 50,000 1b (4.4 to more than 220 kN).
4.3.2 Form anchors
Form anchors are devices used to secure formwork to previously placed concrete of
adequate strength. The devices normally are embedded in the concrete during placement. The actual
load-carrying capacity of the anchors depends on their shape and material, the strength and type of
concrete in which they are embedded, the area of contact between concrete and anchor, and the depth
of embedment and location in the member. Manufacturers publish design data and test information to
assist in the selection of proper form anchor devices.
4.3.3 Form hangers
Form hangers are devices used to suspend formwork loads from structural steel, precast

concrete, or other members.
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4.3.4 Side form spacers

A side form spacer is a device that maintains the desired distance between a vertical form
and reinforcing bars. Both factory-made and job-site fabricated devices have been successfully used.
Advantages and disadvantages of the several types are explained in References1.3, 4.1, and 4.2.

4.3.5 Recommendations

4.3.5.1 The recommended factors of safety for ties, anchors, and hangers are given in
Section 2.4,

4.3.5.2 The rod- or band-type form tie, with a supplemental provision for spreading the
forms and a holding device engaging the exterior of the form, is the common type used for light
construction.The threaded internal disconnecting type of tie (also called through tie) is more often
used for formwork on heavy construction, such as heavy foundations, bridges, power houses, locks,
dams, and architectural concrete. Removable portions of all ties should be of a type that can be
readily removed without damage to the concrete and that leaves the smallest practicable holes to be
filled.Removable portions of the tie should be removed unless the contract documents permit their
remaining in place. A minimum specification for form ties should require that the bearing area of
external holding devices be adequate to prevent excessive bearing stress in form lumber.

4.3.5.3 Form hangers should support the dead load of forms, weight of concrete, and
construction and impact loads. Form hangers should be symmetrically arranged on the supporting
member and loaded, through proper sequencing of the concrete placement, to minimize twisting or
rotation of the hanger or supporting members. Form hangers should closely fit the flange or bearing
surface of the supporting member so that applied loads are transmitted properly.

4.3.5.4 Where the concrete surface is exposed and appearance is important, the proper type
of form tie or hanger will not leave exposed metal at the surface. Otherwise, noncorrosive materials

should be used when tie holes are left unpatched, exposing the tie to the elements.
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4.4 Form coatings and release agents
4.4.1 Coatings
Form coatings or sealers are usually applied in liquid form to contact surfaces either
during manufacture or in the field to serve one or more of the following purposes:
* Alter the texture of the contact surface;
* Improve the durability of the contact surface;
* Facilitate release from concrete during stripping; or
* Seal the contact surface from intrusion of moisture.
4.4.2 Release agents
Form release agents are applied to the form contact surfaces to prevent bond and thus
facilitate stripping. They can be applied permanently to form materials during manufacture or applied
to the form before each use. When applying in the field, be careful to avoid coating adjacent
construction joint surfaces or reinforcing steel
4.4.3 Manufacturers’ recommendations
Manufacturers’recommendations should be followed in the use of coatings, sealers, and
release agents, but independent investigation of their performance is recommended before use. When
concrete surface color is critical, effects of the coating, sealing, and
release agents should be evaluated. Where surface treatments such as paint, tile adhesive, sealers, or
other coatings are to be applied to formed concrete surfaces, be sure that adhesion of such surface
treatments will not be impaired or prevented by use of the coating, sealers, or release agent. Also,

considerbonding requirements of subsequent concrete placements.
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Materials

Principal uses

Data sources

Suwn lumber

Form framing. sheathing,
and shoring

“American Softwood Lumber Standard,” PS 20.94
Wornd Handbook, Reference 4.3
Manwal for Wood Frame Construction. Reference 4.4

National Design Specification for Wood Construction,
ANSVAF&PA NDS-1997. Reference 4.7

Timber Construction Manual, Reference 4.6

Struciural Design in Wood, Relerence 4.5

Engineered wood

Form framing and shoring

Engineered Wood Products, Reference 4.21
“Code for Engineering Design in Wood,” (Canada) CAN3-056

“Eagineering Design in Wood (Limit States Design ). CANASA-096,1-94

Plywood

Form sheathing and panels

“Construction and Industriaf Plywood,” PSI-95
APA Phnwood Design Specification, Relerence 4.8

APA Concrete Forming, Reference 4,20

Steel

Panel framing and bracing

Heavy forms and {alsework

Specificarion for Structural Steel Buildings—Atlowable Siress
Design and Plastic Design. Reference 4.9

Specification for Design of Cold Formed Steel Structural Members, Reference 4.10

Columa and joist forms

Forms for One-Way Joist Constraction, ANSI A48.1
Formy for Two-Way Concrete Joist Construction, ANSI Ad8.2

Recommended Industry Practice for Concrele Joist Constriction,
part of Refercnce 4.1

Stay-in-place deck farms

ASTM A 246 (galvanized sieel)

Shoring

Recommended Safers Requirements for Shorimg Concrete Fornwark,
Reference 4.19

Steel joists used as
horizental shoring

Recommended Horizontal Shoring Beam Erection Procedure,
. ¢
Reference 4,18

Expanded metal bulkheads,
single-sided forms

Standard Specification and Load Tables for Open Web Sieel Joists.

Reference 4.17

Expand Your Forming Options, Relerence 4 16

. 1
Algminum

Form panels and form
framing memibers

Horizontal and vertical
shoring and bracing

Aluminim Construction Manaal, Reference 411

Reconstituted wood
panel produets®

Form tiners and sheathing

Mar Forned Wood Particle Board, ANSI A208.1
Hardboard Conerete Form Liners, LLB-810a

Performance Standard for Wood-Based Structural Use Panels, PS2-92

Insulation materials

« Wood fiber or glass fiber

» Other commercial
products

Stay-in-place form liners
or sheathing

Cold-weather protection for fresh
concrete

ASTM C 532 tinsulaling form board}

Fiber or faminated paper
pressed twbes or forms

Columa and beam forms

Void forms for slabs, beams,
ginders and precast piles

Corrugated cardbogrd

Internal and under-siab
void forms

Void forms in beams and
girders (normally used with

internal “egg-crate” stiffeners)

A Study of Cardboard Voids for Prestressed Concrete Box Slabs, Reference 4.12
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Muierials

Principal uses

Data sources

Conerete

Stay-in-place forms

Malds for precast units

Building Code Requicements for Structiral Conerete and Commentary, AC1 318

Precast Concrete Units Used as Form for Cast-in-Place Concrete, ACH 347.1R

Glass fiber-reinforced
plastic

Ready-mude column forms

[romes and pans for concrele
joist construction

Custom-made forms for special
archilectural effects

Form ties

Using Glass-Fiber Reinforced Forms, Reference 4.13

Nowmetallic Form Ties, Reference 4,14

Cellulur plastics

Form lining and insulation

Stay-in-place wall forms

Celtular Plastics in Construction. Reference 4.15

Insulating Concrete Forms Association

Other plastics, including
ARS, polypropylene,
polyethylene, polyvinyl
chlaride, polyurethane

Form liners, both rigid and
flexible, for decarative concrele

Chamfer and rustication formers

Plastic Form Liners, Reference 422

Rubber and rubberized or
architectural fabrics

Form lining and void forms

Inflatable forms for dome and
culvert construction

Maenolithic Dome Institute

Form ties, anchors,
and hangers

Hold formwork secure against
loads and pressures from concrete

and construction activilies

Safety factors recommended in Section 2.4

Also refer o Reference 4,14
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