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L Actual mobilization

must wait until the notice to proceed (NTP) is received,

but the planning should be completed

prior to its issuance, so implementation can begin immediately

upon receipt of the notice.
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NOTICE TO PROCEED
To:  Northwest Construction Company Date: March 25, 2015
1242 First Avenue

Cascade, Washington 98202

Project Name: NanoEngineering Building )
O The NTP authorizes the
You are hereby notified to commence WORK in accordance with subject contract executed
March 24, 2015 on March 23, 2015 and you are to complete the WORK within 630

consecutive calendar days thereafter. The date for substantial completion of all WORK is contractor to start Work on the

therefore January 15, 2017.

by Jeffey Jackson project and

Title:  Director, Capital Projects

Owner: University of Washington Often |S ISSUGd at the end

of the preconstruction

ACCEPTANCE OF NOTICE
conference.

Receipt of the above NOTICE TO PROCEED is hereby acknowledged by
Northwest Construction Company this the 26 day of March, 20135.

By: Sam Peters

[Mo Title]|  Vice President
Contractor: Northwest Construction Company

" ODCC
| 16
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L Once the NTP has been received, the construction manager should buy out the

project by
1. Awarding subcontracts and

2. Ordering needed materials and equipment, especially those long-lead items.

L The NTP often is provided at the preconstruction conference along with

verification of owner financing and needed permits.

*» Project-specific quality control and safety plans need to be finalized and,

If required by contract, submitted to the owner or owner’s

X

ODCC
17

representative.
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ARTICLE 4.
TIME OF COMMENCEMENT AND SUBSTANTIAL COMPLETION

4.1 The Contractor will commence the Work promptly upon the date established in the Notice to
Proceed. If there is no Notice to Proceed, the date of commencement of the Work will be the date

of this Agreement or such other date as may be established herein.

4.2 Time is of the essence. The Contractor will achieve Substantial Completion, as defined in the
General Conditions, within __90 calendar days from the date of Notice to Proceed or the date
otherwise established for the commencement of Work. This period will be designated the

Contract Time.

4.3 The Contractor will also complete the following activities of Work within the interim Milestone

dates indicated, as applicable:
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44 The liquidated damages incurred by the Owner due to the Contractor’s failure to complete the
Work within the Contract Time, including any extensions thereof, will be $ per day for each
consecutive calendar day beyond the Contract Time (Sunday and all holidays included) for which

the Contractor will fail to complete the work.

4.5 The liquidated damages incurred by the Owner due to the Contractor’s failure to complete each
activity of Work designated in Article 4.3. above, within the applicable interim Milestone date, as
applicable, will be as hereinafter stated for each Milestone, for each consecutive day beyond the
Milestone date (Sunday and all holidays included) for which the Contractor will fail to complete

the activity of work:

4.6 The amount of liquidated damages set forth in Articles 4.4. and 4.5. hereinabove will be assessed

cumulatively. The'items of cost included in the assessment of liquidated damages are as defined

-

ODCC
22

in the General Conditions.

By: Alavipour, PhD, PMP, CMIT wWww.dralavipour.com el gled guw 353 &yguo 30 Lo 399 ko 573



/ olpl 30 Ol 50T Gl 4o (SIS
‘ FYV @ oid 3o (FY-TI b
ACEMI )y )0 el (ST )

Ulo.u IEV-IRVAV-Y]

Olows Waio,usi :We odle U

29lie Yuigo gl )Kileyy Jhi s 2l 63sy pladl @y 15 3] 3o e 4o b plow adgl e oL ys
)_._Ib'u (J.l.c bJL_IJb
Silusl jls it g jloee Gxo Glins s J9lie puige buwgi )lSilosy b @9lgi Loyd)l5 @y wlusls iylsS

Whasb o9 jlxe juf g jlxe Yljae plel

jlxe a2l Wie Jolmo ylow Jydali .
Sl @y yglino yudigo buwgs

€390 A0l jlro Wil cusidg 5> hid Glow LT ]

ODCC
23

By: Alavipour, PhD, PMP, CMIT wWww.dralavipour.com el gled guw 353 &yguo 30 Lo 399 ko 573



/ olpl 30 Ol 50T Gl 4o (SIS
‘ FYV @ oid 3o s U
ACEMI J )0 R0 (SRR )

Ulo.u WAV IRVEV-Y

owdigo bl oy plail @ HS SIlaws wie el ;o L ylaw adgl Wie yLL j> (- O
AS o Ly ) b e "l 350 )3 3 (uast 3)lge W azgi b g ) Silewy 155 wuwS b joline
OIS Lyd)lS @ |) azuis 9 wlaie puass HSSlewy @813 L ) o jlxepe g jlxe wie yliwe 9
g WSe plel HSilowy @ )15 pu3U jlaope b jlae pline 290 )3 1) Loyd)lS s Gaw 9 AS(0

Aolei oo 3l | Glows waw (jle 150 Wi Joleo

[ Tz Bl g Cuwlas ol JSiive j

[ Tuwl 024 iy iaidg a2 Jaz> EPC isiuo glow o ] '

By: Alavipour, PhD, PMP, CMIT wWww.dralavipour.com el gled guw 353 &yguo 30 Lo 399 ko 573



0595 39 Sl U 5IUT zolor aiyl 3
olpl 3o &l st 36T b yo SIS
A FYN @ %5 50 pteo slage )b
ACEMI

Ulo.u WAV IRVEV-Y

9 W Oloy Wi ol yoguad)d )Silony Gleiwle)s oled b plawy wio pLb > FE-1-Y-F U

w low H5 ((3uaes Cluwisl b glay wiw) plew wWie HLL )5 aSbygo )5 5gh bl ol ol

el ) )Silew Cudgiuwe jl g 039) Hlicl ghld Yl Hlows sSlao ads il 63wy ool

les ahl Lyd)lS @ |y oxilesdl slo)ls Giloj doliyy b ) Sileyy o dgdirai diwlS yisilagss
08 Juds> @ cwogian Giloj delip @ilbe plewy Wie doyd)lS bwgi iloj delip cngual g0
ey 4 el S wlge Jugx o b cawlisgy HSilow Guizes gdine Jugks Silew

Alao Loyd)S a4y 5§ 6ol (Gulbo 4G w)ylus

ODCC

25
By: Alavipour, PhD, PMP, CMIT wWww.dralavipour.com el gled guw 353 &yguo 30 Lo 399 ko 573



0595 30 Wl JILT mole wiyl,3

olpl 3o &l st 36T b yo SIS
A PYN) 4 i
ACEMI

G :Fq ool U

2L 90 ol 53 S @lhao olo P iS1a> o )b &l sl ) IS 6hl wlaw @ao 53 Klgie Loyd)ls (<l

20D gMbl ) Silay 4y Gl g9 &)U g b ) Silyo

O b Sliagai 9 allas o pll Glo)ls plai a5 cuwl lSe HSilay (@alsi wae 5> <
S ) g wiblas @il jobas play pulwly |) cdge loglaisb g Slupuwl

A2 il8l aisS iy bului b ol W 5iSIas g b el gl
dac FA 63lo Gab g aidly acils Glow blo P jI Giny Galei L ) lay widdlgo pde g0 )5

fuusS ouge ) gl 9 5)1065 Aigjo

By: Alavipour, PhD, PMP, CMIT wWww.dralavipour.com el gled guw 353 &yguo 30 Lo 399 ko 573



0595 30 Wl JILT mole wiyl,3

olpl 3o &l st 36T b yo SIS
A PYN) 4 i
ACEMI

G 149 odle U

Wlogy Wylae g bl 3 82l Yaasti Vlie 4 (Gl Ylied )o 1) HSilewy Grulb Gloaisjo Lo))ls (@
‘Djlb)tfl,?p )l.SJLo.u D

X/

JoSoe Gakei Wl ploj yd udyb @Slgi ) s S loaijo s lew W)l g Sluwl )5 51 4
laize @lgi ) SSleny b ol wliae 3590 53 Loyd)lS auivly oo

JSilasy Gpwlb glodinjn wlsy by PGl €95 g Wlaw Wyl g Sbuwl > aS g0 )5 %
@ |y Aldlo 16)8 3)5)5 huwgio 30yd 1o Jolzo L2l dilole Loyd)lS il 628w Galss 0)95 >
..))’|.>)ng.0 )lSuLo.Ju

63 Ladgio IS 2l cuwlii ay v

By: Alavipour, PhD, PMP, CMIT wWww.dralavipour.com el gled guw 353 &yguo 30 Lo 399 ko 573



ACEMI
B

e Cpstige sl 121020 Jgl <aglyl -
S olay &k alyl3

2B i 3,190 dslinolins
PP S ) AL SVl d

Clss
(303 (e oS g 2] Sldes Olisa GadSEWI ol
i o £l an i ‘ Fe C—ey | 28
dodfo -

oled o bl g el ]y w87 Bulatin laie 2y smla s Sal) 51l L Lo p8 15 a8 g Ay Cal bgg o sl cagas bl TR Gole
33 Cupmloge 5 4183 b At (EA] (23 )3 3:15) Commiog 1o PO

ol Sl BB e Syso ) EW b ol 1205 o 3 ) Bais sl (1538 13 Bl & e s s TR S3le o Ll
Jgadia 338 3 Lo A5 EW g uming 4 3 05 ()Ll Lty 5 40815 Conhl S (s I 13 ot 48 ) )6 Cmginga
el Glagy | cogar kol 2 T8 S0ko 53 0nd o i cslman e Sl o S0la 5 o2y uls ;,TJT

Aiaat Lilbgn o)) ads el 28 alls blets CuaS e o aS ([ Jas) csladds e sl oo L3 glag ey il 53 Jl:gdi,'l
s las oaien Loy B8 b Cod gl canlad plBI IS0l calb i Cran g b uadgts e 3 lnas g Jlasl 4y Cond (ann) E3U |l
M e 1) L il o gty - o S o sy ) 5 e 53 iz b ks sy ) i) 3.l ol
g Al ol Culatina adl;

Sl lR0las 4 catde bigra S5 Ale cals 4 lale | oyd 0501 bogio sy Ve Dolee | il Slalow s TR ele  SLL 48 L

w3l o d\.:....vl.‘h.a el 4y ola J.uf :&ELG -I-l.s':l}h L -Lfll):' .}}JS:L,.J

Ea = - a + Sz s

S Bels Egfg 4yl axly g Y

byt o a2l asng al3l 3 EML Jn ) claadd o Lol ool stal Claws 4y pinte I8 polda 3 a8e cillee gl e ogma b
(ol ISV, lencan altis ol (VIR GRS Y & a0 AFUYEOAEYAN Lol Jlta 2) oIS g jaliia st joia b gl 5 o is Lyl
4 a8 o alBane sl lagmy cpdgeady 000,50 B VYAVS < FIYE Fias AV- FYAN Lol b cojey diomo Fapd ) o B Imaid ol ¢ 20lo
A els Jle b B ad Sl Sl alie Saad spiin g dltue (pl 000,55 B ol s Cusledon n a0 g gle S8 Sllas el s
33y55 s duablia 3 0850 plRm 43 5 e 6 g lad | Bl B0kaw (51 pealind Sl eslp ] jaay, Jld o)l A g AF T

a8 gl amlo ¥ 590 ¥ ot dy ATWWAYAY Aol 2lo VPRV B7YA FoyB b s s Bao o b 31 ool 79 Galo il &y 055 15
Gels 4p3m Olgisdy JUy VYWD 7e oo B VYAV/ AT YA £ j00 3 WIFBVY ey 2l 5, 18 g duslr iy b Bollan 5 39

gl anle m Sl ol 4 G 16,800 (Sleal S0l g ol a3, F Sl ol

By: Alavipour, PhD, PMP, CMIT

0595 39 Sl U 5IUT zolor aiyl 3
olp) 3o ©lpsl 56T ol yo SIS
FYVN @ i

ODCC
28

wWww.dralavipour.com el gled guw 353 &yguo 30 Lo 399 ko 573



e L 0593 50 Ol psb 50T golr uiul ,9
N9 Pl 1 WU a3 duwloms - ’ -
SR Gl Bl anh 4, ol 58 Sl 5I6T G o SIS
iy ) S0 56T ol

sz ibgza slbcullad polud yileycoa g pliatdad, o plbdl | o d 35S basate a3 Vo pold g S5kass (5l A5 dunslona Jpad f‘ﬂ“ 4-’)4“-’
ACEMI

33,5 cadpsla
______ aaaaaa|

(okicn 91y} o el (58 ol s
() Vot X e LT e o lale gyl e

(sla] (slaalp s 5lad slanZollad Loy Zita

(v} w3 el ol lale L5l iy X folo) el oy e = (i alel Sl (5l i

ﬂ.:.u:lln#'.n _,J M} J.lS' ﬂ.li_-lh'-}u?] -T-r
o Bald pelincullad (ylay ke g ooyb =4 -Y-¥

YEA (35) e oa VEAT/ 8 A ncadlad  claaliys gl o )b
E,‘Ifw)‘c 9.:\'.; -1:| a.54% |:.:-|.a:| le..n‘l Cala VEAES 000 ]_AC,_EJL-JI L;ld..nL';JJI ul.ﬂ.l(’?_rﬂb

ol Bl gl oJlad alos —¥-Y-¥

Sstena igliedald ey (U)ol o e

(% 58 leT) VFRNI e F oA jaa o palius VN e+ Y Aol L BV VeORAFARVEYF (L) e cslacullad ol 2l
Cotigily liten coolpiduy o8; ul iy ConB uas E LD oy R T
BV MY B -0/ FA ) agd ol 1ilg5 o0 i Sllac £y B 205 3 Zgd oo} ik (Balss Byl =¥-Y-¥
YAYE (33) Oloy Cota AT ERTETY e sl ullad  claaliy £ ol o 5
(g ¥ 5ela¥d :IM [ola) iloy ra VELEI VY YA 28 S FA oals f3 5 B
Cilalen -T-F

boplp (S5 b ol wlsle ol Soge (V) Aol 3 el o)l 5 L8 Conid Al g GLL 5 apd colagn b ) eolinad L

YL ot Bl lay ata o e EOU B cslaabp £ api gyl cslind 1 S5 e igls b B8 Ll o cian ap Jly VIAYEEY A
sleand o el cllae faasESS L B0 die Bl ol gl ol dnsge () Ablea 13 g 3800 3l s gl o s34 3, ¥ gola

il o Sy Jlogh sy 28
by VYEEY .4 gl b wlale ol anie -
Juy FovraTTaay RTREK P A

ODCC

29
By: Alavipour, PhD, PMP, CMIT wWww.dralavipour.com el gled guw 353 &yguo 30 Lo 399 ko 573



O o —F
ACEMI
______Inaaa| . - . .
ol &b SR 2 Egeye |
AR e/ YR Y b [ VAN A Slas Sylagts IS Land & Cusbas paal Cusled gy
"x"'."‘_'.uf.""f‘ AFAERR YPAY S FIVA __.IS..:I-.-\.. ‘—{JI‘I'EE‘I'-' {:‘.“_ [ Justi Cqu‘_L';JJ
LEIYE SV RYYD VYA Y YF Silay AR AL PRS- TR 1 FET S - R
WY SYT A SFYAY AT A .Y __,I.S;:I..n._ el paa) L:.a._'\!k‘, I...Lu: ].u 3 lsadm E‘}“_;' :\;u-.ll}';J_‘. A
RANTA L CATAN SN S AAR AT ERVATS Slag Gl dloams Sutilage bl Lyl
Lr.'_ll. Y TYY MRS ERTAY Y q_'IJI.E_: J_._I L.__I:iIJS‘_L}: j}'ll.ﬂa :;.\.J._-.__;wg Chﬁ'j)_l.
Hogea o 1505 O W g duti Cules,
B/ ol YV /AYY LG TARTAR JSokas 5 4lS 50 dbogoma sidig 1505 O F 5 b Sulis
logs o slaslagen 5l
ANSYE A FETD AAEAFAR PR Slas WRAYNVYY  aBE A paadp,boalia [ F
AF-¥y.va YAYSAYS b ;‘;Lﬁm n._-u..u dgega gy gl )_-,;_Fl.‘:r'u‘_JL..-l
AE/YTNIFOA AARATERVATS l55lasy S ilita glaag o 88 LD I8 (ol wilsa | Y
B8 il ggper csulin 5 by celmyl s oo L]
BE_¥ L EY A TARTAL J.?I"':“"’ LD dadr fgpn oy e By SR U LJ )
A TARTARS
LA/YEN VI OF YFRA/ Y JSlas Sl EWS 500t e )55 0 5 LS ot ) ol
Jogh ppsy (Gl Sldes Cqa A58 plu
LB-+¥YBA VERAS YA salida Jajea sl rian s} g (5jldlogoea
W FYAY | YAV FYS st | opay 258y el Olles (slbasi EW - jglin bab
gt

By: Alavipour, PhD, PMP, CMIT

0595 39 Sl U 5IUT zolor aiyl 3
olpl 3o &l st 36T b yo SIS
YN @ i

ODCC
30

wWww.dralavipour.com el gled guw 353 &yguo 30 Lo 399 ko 573



(Woo o 008 aoliii)



0595 39 Sl U 5IUT zolor aiyl 3
olpl 3o &l st 36T b yo SIS
A keordg Ojygo Colo g 50 ol j L0 Ol sl dvcwlxo 09 — B+ dolilizy
ACEMI ’

1W¢%o/q/Y U

Q:’>|.>),3 ULO,H LR 9RL .btgl).):b )2 )).8.40 J?Ul L,J)Jb Do > D)IQ.O )I LSI O)L} )2 dS..l,gl DL ).BJ M|

[

230 wgo Algine Sl ol Ul..o.u wogec hulpi V) eslo )’| "a‘ 3w gl p g 03w
Dguiine dawlo doliinzy ol o &) Yhg) jl Wae ol Ao gl bl yloy Wi

(9-aJl-¥o) aua> lows (ogec byl O

By: Alavipour, PhD, PMP, CMIT wWww.dralavipour.com el gled guw 353 &yguo 30 Lo 399 ko 573



0593 30 WISl LT golor w3
olpl 30 ©lpsl 56T ol 4o SIS
P, ooy ppo 30 35 550§ 0 b anslne sy 0-4- aoliioh
ACEMI )

(g0 Glgiasdg Wyguo a1y 53 jus b jl L) Judei Wie duwlxo 092 .1
031> &) (6)23>U oo uusi Y2V Lo jl Ay Ca8go (gld Cusmidg Wygo jl Sy o Sy ) axilis
:Db)i:iw CL:qu‘zo ») d.b.gb )’| )g.uu..o aslol UlAAJ (R V. Y) LAJLJ U:fl )’| as UJLO) (USR] .)..wl.:

- R 1 e Eu.'il"'l'[::' Uloay aukql oo |:| 3 - 1 [ M
- — — % - A -| . B|KD EJ';”
(E] ALY JAD - omog :-_-ﬂz.Lt:I g 2yl gl o) e R W) _]J-_}:l_?fl_! A0 ( ) |

m T

T = ;HEEBHﬂfﬁgT
1999 abul) >
-33)§.+‘° aslal Ul.o.u QJJQ| Cdow aS U,chb)’g) Slas )’| LAMAJ)L&.C (t) AVEV-V WA V- B
O.\.&::J ).15LJ UI UDI.D)J ).) GS ;,).AM"" ’9 k;J)g.JD .))S)lS L)DJ[DU 81.‘.00 J jl o) ')l..'J.C (n) (WSTSY-) " ’9 0)9)0 &L\O’ J —\—Y
ol
)90 g duwlxo 3)90 Cuidg Wygo pudud F)l Hile) aliold I ) le (1) Cusog g0 6)93 -1-w
59 o> 10 L0y9) Sy gl Y8 Lo uusmidg
Wae ol bl ead b Hlow Wi Ylgiss Gloaw 5> aS Cuwl Lide jl wyle (T) 15518 adgl wae -1-
33500 Jlacl Vb abyl) > g 03 Jaau jg)
.)..wb 03 w Ul.o.u &Lw U|9.x$_) Ul.o.u )2 aS Uy.l.w )| wu)l.a.c Ul;o.u %Jg' &Luo -1-0
b Sy &)U " g Sy y=8lg &)U o Sloj o8 1 cuwl w)le (0) Sy 50 Sl Wi -1-7
) Ub&

10U jl A= jg) (1) 03 canilie w890 glginidg wygo 3)90 ) " plaw Gub WSl E)l " -

gl Ui ®) Cusuog CIyguo 059 g v Cule L,og/.o.c bl 37 ool )Sl) Cusudg Lyguo ¥]
33

By: Alavipour, PhD, PMP, CMIT wWww.dralavipour.com el gled guw 353 &yguo 30 Lo 399 ko 573



059y 30 Ol sl 3JUT zol> vyl )8

olp) 3o ©lpsl 56T ol yo SIS
/ Leordg Oygo ooy y0 sl j1 LU Ol sl dcwlxo 09 — B+ dolilzy
ACEMI )

(wan-ry

R o S50 oS |) )k ©ligad 9 pllas Hlade 9 Llaise (6):58518) Cuwslapulzecyge g Lo)ls
uodigo axlws olo UT )::-T )2 1)JT 9 a_“!)S duw oo |_;| Caogsygo &le (lay O adie gl '._A..UJ).QS Ua.‘ni.ml

L gy ©yg0 )3 9 83)5 J)yiS plag S)lie slwl b Gkl Hhbi jl ) )Boley Combgn)go )glie (dige
JUsyl Loyd)l5 (gl oL pudige (gom jl ©dL)d 20U jg) NoyiSlas ©ae )3 1)l g Lladise 2ol Jus s
) sglie puiige (ggw jl 0 )i Camdgs)go Lo)d)l5 Ml )Boleyy EMbI @) b 1) dlye 9 Bolede
Jlac) (rizad g sl 03 CBlayy LS Clge Cumogs)ge ol & (8929 S I w9 03T (S,
159y 1o ©de )b ) Blas ) )6lay @ by (HB @le 635leSl ley 4 ddlaie jouwS g (9B oS

S50 Sy o Boley pU 4 Sz 930 b asibg)go Jeog )b

PP amio Jgl bs Jgl Cuawd )3 ,bU wiige (gow jl CdLyd Ayl" o)le '.

ODCC

o] 8303 A
t_.-.ma)fd_l 34

By: Alavipour, PhD, PMP, CMIT wWww.dralavipour.com el gled guw 353 &yguo 30 Lo 399 ko 573



059y 30 Ol sl 3JUT zol> vyl )8

olp) 3o ©lpsl 56T ol yo SIS
/ Leordg Oygo ooy y0 sl j1 LU Ol sl dcwlxo 09 — B+ dolilzy
ACEMI )

Sl Fei> colw U

&90 FNeAP/QF/Be%e dolitdn (F-1) b @ sliwl L jolie awdigs jl ;2
Ol duslow WH/oF/oA &)00 OIAA/OF/ oo o)lads dolidiin g WFo/od/o¥
Oygo adwd 20,0 5l jg) 1o |) lotusog Oygeo CSldpy 53 3500 jl (Gl jloe
Holie bwgl Cunidg Wygw (w)) jlowe loj Wie jl 1 £)1B (Loyd)l5 4 Cusog
Cawl (pSan a5 (Jl=> ) ;J.!).Sb.n JI-TgN ULn.u s29ac kol VY odle Foudge
21> 9 )l gow jl jolie pawdige © Jagad I pu abgyye Caidy g0
L 33,55 Lo)$) 5 @aluwi g 635le (8L Hgliio wige 33 WBIe HSilasy Hguab jl
o )Boley Cosisg ©)go 45 (slojb )3 95de jloe ju>l (§9d 2y 4 azgl
L.,BL} y9ldio (puwdigo 23 Ul.n.u (52 GRc .b_ll‘).w PY eolo )0 & )0 jlo (loj

?JJ)SJ[_-,J-‘ dawl=o :L:_gfa- Ailo( 40

PY amao Jol ke Jgl Ceawd )3 ,BL Gudige (gow jl Cdl)d &)l" o)le

9ige a0y (Sl (s3lo) SuSET (Gob 2y bl oyalplis. sl 6233,5 Jaass .».
el )oley addud Cumdy Sygo 4 (Sdwwy lp Hglde wlige 9 B oDCC

Glole glocunsy Wygo 4 (St gh 03d i Ul ploj Egame g 4d)S5 35
By: Alavif sl g Vo yiSTas wyUah aliwy (gl Al )53



0595 39 Sl U 5IUT zolor aiyl 3
olpl 3o &l st 36T b yo SIS
A keordg Ojygo Colo g 50 ol j L0 Ol sl dvcwlxo 09 — B+ dolilizy
ACEMI )

Wygo Jlwyl E)U 5l 59y Ve SSlas 4y lo cuumidg wWygo wsldy wlgo > aS jghiles U
Caowl 00U Cﬂxﬂ )lS.JLo.Ju .b.;.ug.: Cusog

Gab a1y F) " B0 dolidiniy §-1 3y Jod bl Gab 33yl sliiel olulidlS Lias Lol O
Wy e 20,0l A=y jo) N jl cuwl wyle w90 gl by Wigo 390 > play
bugi o Cumbg Wygo Guyp > U joR (gl Bl plizes G o9 S a4 cussg
MSH plag jle e 3aali )3 9 WS o5 Skl Loy)lS gl 6205 olie Luige 9 HBU

gy .).cb|9.§.3

22 by gy ol 2l Al adls lo sl 1o U G Sl Jollio yig) lpzl 0w 451
lai 2y> pogas bl > awadlio s)liSw oloi

ODCC

36
By: Alavipour, PhD, PMP, CMIT wWww.dralavipour.com el gled guw 353 &yguo 30 Lo 399 ko 573



0595 39 Sl U 5IUT zolor aiyl 3
olpl 30 Ol 50T Gl 4o (SIS
A y9lio sy 9 2! sl oiws ads 4 aolilicn — 1o aolilizy
ACEMI
FV/¥/A &)U d
blij)l 9 9530 aoliiusy 5,15 6,5 Lilelgsl ()=l le.@.mlglw) il 20 6l 09z B0 dolivinzy g)u d
)L'>.o u|).ob d:uul.'z.o )2 LJLA.CI > (JJD b)|9.o C\.Luug.u.b el 6300 U.uuu ULo.u SR9RL .b.gb.ai’; Ll UT
.J))ig.o el Wiy )o U 5l Gl
as 63)'9.0 )2 A
Vv O WARGIN] VIR F- PR (l.e.ob).)) Olew (o90c bulyis PV 63l A

g0 9 dmnlze g0 Cusudy Wygo ealul f)l Giley abold) (1) cousibdy wygw yo ol I
b o3olzil Johy olasy jl iy (o) w12 Lo)9)lS @y o Ju Lo cunsisdg
quulo 11j Joopd jl lopd)l5 @ cumidy cygo puui jl Ay jgy 03 sl ‘Ylagy Gub Sl fa)G”

2,50

Vapndgpe 0390 sy o 3 s lave s

{302) (392} salelsvamndyo gty b s Lis ey oo e .,
(Jaa¥o) sl obcc
37

By: Alavipour, PhD, PMP, CMIT wWww.dralavipour.com el gled guw 353 &yguo 30 Lo 399 ko 573



0595 39 Sl U 5IUT zolor aiyl 3
olp) 3o ©lpsl 56T ol yo SIS
P ity g 510 55 50§ o2 GlyeSG apmlon agmie DA+ aalii
ACEMI )

sl s~y 03lo

Sl @y ciblsy Gien glgicds Geho olGloy b iy cugdi jghiay aS 3l cbblge Loyé)lS
Jo=lgiws Gwlwl p T kulgd 505 g wslapy oo jojlg {_.,.{'_;95_‘7 g WSlap gy ljre 258 wiblay
ol 63D 2 leas Sylae g sluwl 3 (T Zo)U g ojlouds g 6390 38U IS Elzyl (yloj 53 aS cwl bgoyo

Wil Gy bludl jl Sope cudlys glp @iaS iy Jeslhgiws 3 b0 glascge 3 lSGlas
wblap iy hud o jglin (wiigo 30l jl g Lyd)S sungio jglie (uiigo ay |y 395 cuwlgs)s
Mlaigo by ogib pwS ol jl o929 Sl g Jeslhgiwy 53 oxid (sl (uewdi Jilio s |)
Jolie waigo 3l ay aS jIGlay cuwlgsyy &)U jl jgy Po wislyp iw bud jo wblap wlgo

ABbo il gl a3 plaS jo ¢ BGle (9w jl (audl aSll &)U I jgy lo b el 63w,

W b gl Ao o Do @ olol 3 5l egi cpl o cSb o Ygeso
W85 bgzt 5l e S o 3 (guo 0 i gt plil Al 4o
Eloe 5l ao)d Wiz Cdylin Sl G o2 530, 5051 S Sl G g0y
59 Se w8 ylay 4l '

By: Alavipour, PhD, PMP, CMIT wWww.dralavipour.com el gled guw 353 &yguo 30 Lo 399 ko 573



0595 39 Sl U 5IUT zolor aiyl 3
olpl 3o &l st 36T b yo SIS
P, ooy ppo 30 35 550§ 0 b anslne sy 0-4- aoliioh
ACEMI ’

PAC RNV ISR ISVE VY TTAVELA VIR VEV-VICVITIE Y T-C VINN o
o a8l 31> )18 ey cul ol jl &S Liloj W bl 631> &) (6>l LSy iy sl )5 o5 o
33,500 duwlxo ) t)..u.u Sgu

:33)Su0 dawlxo yuj abul) jl audel Wi AL 6asl JuSU Sl Gy Jol awd w1y > axiliz 1-Y

() = +/ax (B)czb,y o 3l cae
3o oy lo 9 wBloy Uiy ey (28lg 20U o Gloj abold I cudylue (0) wislsyy )5 ju>b wae as
LO)S)[S DL )lS.jLA::\:J S9w jl -;‘4:’>|.>).g ( )*W:’..., aol Colowd le)l &)U

2l 2Bl s Jgl baud cslay o Ladls 5 asl a3 e, Y Silay iyl 5 asls caled 48] &l 5l ol s

oS acoloe | duaad S ¢ alls 00, F

383 YrE-Y- = \F S LIV 3 A

(T) wad e = 0.9 X 16 =14 4, '

By: Alavipour, PhD, PMP, CMIT wWww.dralavipour.com el gled guw 353 &yguo 30 Lo 399 ko 573




0595 39 Sl U 5IUT zolor aiyl 3
olpl 3o &l st 36T b yo SIS
A keordg Ojygo Colo g 50 ol j L0 Ol sl dvcwlxo 09 — B+ dolilizy
ACEMI )

PAC RNV ISR ISVE VY TTAVELA VIR VEV-VICVITIE Y T-C VINN o
adlsl 51518 ey b ol jl aS Liloj Wae Al 031> &) (6,23l LgiSby Yy WSy jd o5 yo

33)S 50 Ao o 2S940

101 o Cuwdy j ably jl Agaai Wae AL 031> &) (6)x3U (gay blwdl sy 55 o5 o Y-¥

sty g ol 3508 S Ela(m) o o gl Sao(T)
9 Candg D el fwli Lol ) Olowg adsl glo (F)
(ol i calal Sl Fuls 1 @99 abl) o
o (1) VU abaly 5o

Ll aolidilowd padud I Ja8 cusidg wW)guo O3 usog Wyguo 03Tl Hgkaie -1-F-VY

jluw jgy 639 bluadl IRV =99 é’»’JU O oy alols k_u.u.))Lx.C (9) Sy ) sl o -P-Y-Y
oy9)15 @y abgy o aolisiloud pudwd &)U

a1y vy Jol uwd ©adly)d Ghads &) (gleie Cusudg Wygo o121 padai &)U (1) =3lg j> O

X

ODCC
40

¥ g g gels e (8)

(2) suans so

By: Alavipour, PhD, PMP, CMIT wWww.dralavipour.com el gled guw 353 &yguo 30 Lo 399 ko 573



0595 39 Sl U 5IUT zolor aiyl 3
olpl 3o &l st 36T b yo SIS
/ keordg Ojygo Colo g 50 ol j L0 Ol sl dvcwlxo 09 — B+ dolilizy
ACEMI )

Ulo.u o Wae Al odld ’g, 22U wla,,; Uu..u 9 Cusuog Luyguo > wla,g » qsul.o R o

Al Sy 3)90 50 Gly A4S (GI3aT Glgide Egazo I Cui)le

JSilay wlllbs 0)d8 Maiz ue o) ghile Sy )5 &S Glo wlls > uizes G99 Glg) — opad
28l Oloj Wie jl Mgdal e Esaze gils ool ;5 oS) w8, Algs LB Jac See bl o cuilay
9 "Vl Gub wiSloy &)l pudol

Joc >)90 Eb_o.o ) C,\.">|J),:x UJ):>T UQ§|9 é,g)ti <

.90 dolgS b

By: Alavipour, PhD, PMP, CMIT wWww.dralavipour.com el gled guw 353 &yguo 30 Lo 399 ko 573



0595 39 Sl U 5IUT zolor aiyl 3
olpl 3o &l st 36T b yo SIS
/ keordg Ojygo Colo g 50 ol j L0 Ol sl dvcwlxo 09 — B+ dolilizy
ACEMI )

Gili Cusidg Wygo Sy blwdl jl Sy o Al 00k by huud A jd Cusidg Wygw Sy axilix> 4
Gl Cusdg Wygo Yl el )0 s jl LU Jaai was ylgie ay Wil jl Juol> wlypsU goas g 00
33,5 (0

2 53 ) Silay Gi8L)d palls @lhe ($AV/ex Cousudg wygo @) wpdlol> gl a4 clls ol >
. 35,500 johie Joaud

(@)l palls e (T)plos 4y o
x }
(1) condg ojgooyg () olas algl ales

4

(Ty dsdad Sl = = (E!)-.;i:;'_*._:,_: 40 _l,._;al‘LT il

100000000 420

(T waes Cose= 30 b4 1200000000 10 =9.99 =10,
100000000 420

{Ty Jrdad Jade™ 30 = 1400000000 X 20 =19.98 = 20 .,
100000000 420

(T) i Soe= 30 X Ti5o000000 X 30 = 29-97 =30,
I '

| 42
By: Alavipour, PhD, PMP, CMIT wWww.dralavipour.com el gled guw 353 &yguo 30 Lo 399 ko 573



0595 39 Sl U 5IUT zolor aiyl 3
olpl 3o &l st 36T b yo SIS
P, ooy ppo 30 35 550§ 0 b anslne sy 0-4- aoliioh
ACEMI )

05)S -:.\él,g,a Cuwl 0340 Hasiine 9 (i Umu S ,I)§ 2» c\gaT,‘I L gél.:,,g Uw L ‘o|9 )'SJ'.O.U a.sul.o .5

Ol @by jl amy glgiamidg wygo ol g ) Silay GidL)yd pallS plsic @ cob ool jl GidL) glao
9 3350 L Lgolg
330l Al 0duwy o Gl a4 gA=s lgiumidg Wygo Lusldy (W8 yalls @le goz aS pble v
D350 Ll Sy P S usdg Wygo il Gleisl ey usb I Ll Wae

By: Alavipour, PhD, PMP, CMIT wWww.dralavipour.com el gled guw 353 &yguo 30 Lo 399 ko 573



0595 39 Sl U 5IUT zolor aiyl 3
olpl 30 Ol 50T Gl 4o (SIS
/ keordg Ojygo Colo g 50 ol j L0 Ol sl dvcwlxo 09 — B+ dolilizy
ACEMI )

(S o)lais p)9) lguasloy o Sl jl b WAES Wae Yassi )8 G99 > y953e dlae b2l sl -6

* I *
o A v_.wug..u
* 0.0

Olosy Wi el @ Sauwy amdz Syguo plgisy g 6359y 53 39290 wlelbl Gulwhy 0L )8 ol &
Oyl oBiws g jSSlew lyl oiws HBaiules sbbol @y g 6aud JaoSS wsldy ) U 1 Lol

)
ol | ale | ol als &b b Eb | g 0ygd =k o T T
Spe | US| e | e | oty |l | g, cunds | cshy, | X TXEX0.697 =
;\.:_u_.bg .E__.EF_:ISI n_'-..:_!_.ég \:l_:l}_.d I_'_E.,_-i'\- C._':-'J_H__ =
. T
Condg | oles IxEx-x1=
t P T

Y

1]

-

-f

&

39y 4 dgdai Sola g a2 '
Sl jalia ediye L 4,18 less Seds o el 0 D'c C

__|3_||_,n_,_ .:-..'..,_ll_m elzal JELf_.a g edlslal P L.a_,él}.l!l’ .:-J_,_ll_n.p elaal Ty LJ.';}WJ EJL' ul.n.n_l (:Jﬂ..a 44

By: Alavipour, PhD, PMP, CMIT wWww.dralavipour.com el gled guw 353 &yguo 30 Lo 399 ko 573



0595 39 Sl U 5IUT zolor aiyl 3
olpl 3o &l st 36T b yo SIS
A keordg Ojygo Colo g 50 ol j L0 Ol sl dvcwlxo 09 — B+ dolilizy
ACEMI ’

Oboj jl Lo 33)Sa0 (aasi LgiS1y) 53 a3l jI Ll ")lS adgi £489 6)93" lgic ay aS iloj ghdo .7
o8lg &)U " Ay giie La8gi 999 )l i jl 9 639) Jydei Waie (ol Wie Job i jl aS cuwl
Adibae " sy,

6l 9 o3 puSio WSty S Gilgi Joaz @ 33500 s G99 )i @ aS " IS aBgi )95
33500 )18 eslaiwl 5)90 waliso Jolge jl U Hlojod WlpSG JS135 392> (s

(s-Po

Ao 0adD 20 waliBo Jolge jl (5l (jlojoss (gl 50 (Oloss Wi 330l glp osle Rl slao gh=l o
3g 50 dawlmo jL SO has wall

X

ODCC

45
By: Alavipour, PhD, PMP, CMIT wWww.dralavipour.com el gled guw 353 &yguo 30 Lo 399 ko 573



0595 39 Sl U 5IUT zolor aiyl 3
olpl 30 Ol 50T Gl 4o (SIS
A keordg Ojygo Colo g 50 ol j L0 Ol sl dvcwlxo 09 — B+ dolilizy
ACEMI )

S lousidg Wygo @b YIS JS @lao  azgi b b lgisloy 55 pSU b dael Wde JS gunsti jl yuy -8
2B 20l Wi (60w wisldy (=hd JiBlo L) widge slgtiamidg wyguo 53 0aub LSy JS &lao 9 =hd
S O 35 J9esd Gab |y ol ol jl Joed

bl Cueog g0

Joud  Dl3 auaed wow S = auaed ooe S X

800 Cuadg g0

Cusuog Wygwo duwlxo b cuyly ) uwl lghusog Wygo @lw jl U Hlow el Wie o2 Z_E)Ig J5)
UR9iw) i Lgisloy 55 3)S50 cul =l Yl Al HSilows les Cusidg YA yatin g =k
ubo DS b piwljl g 6auds s

S

ODCC
47

By: Alavipour, PhD, PMP, CMIT wWww.dralavipour.com el gled guw 353 &yguo 30 Lo 399 ko 573



0595 39 Sl U 5IUT zolor aiyl 3
olpl 3o &l st 36T b yo SIS
A keordg Ojygo Colo g 50 ol j L0 Ol sl dvcwlxo 09 — B+ dolilizy
ACEMI ’

Uinn 9 lgiuidg wygo wasldy 5o a5l jl b 3l Wae auwlxe glp "Bro Josdl jgiawd il .9
Jlasl abgiyo bylgid Gab lony Wie 313l jl iU God= g Jlo JUT £95 32 9 Mibbne ) Silaw slgisloyy
o 03wl (BB Hlaay dudel Wae Jyai )90 5 j> Ol dlas g 33,50

By: Alavipour, PhD, PMP, CMIT wWww.dralavipour.com el gled guw 353 &yguo 30 Lo 399 ko 573



0593 30 Ol 3IUT zol> vyl )8
/‘ )sw&uws‘é‘)?‘dwm»awqmo&0’_“.;"4.0.&,’
ACEMI m, | o

61/4/8 &y, O
bli)l g y953e aslidizy 55 0)b)> Gilelgl 22l sleoiuws I 3w sl wsz 5090 asliuinsy 9, U
)L'ko L_JI)J.?LJ d..uul.‘zo )2 dLo.C| > LJ_;.) J)|9.o C\.Luug.u.b | 6300 U.uuu ULo.u LR9RL .b.gb.ai’: b UT

..)D)iguo ‘ou.c| L@Ii:’>|b)zg ) ).L.’>LJ )'| U,wb
|) '.@'iél.))g ) ).DU jl L,,wl.! Ubo..u SSAVNWEV uﬂ).?' Gl@m&hu) 2

9 39> Jolio levg) b )LSy
05900 d.gu.wl.?.o tSJ BV Slao CHLC) 9 o¥/09/1W%o é)gp 0o /O¥/NoAY-) o)l.o.& daol.:wo_l le.i.yo » )hSJ i

9

i i Jac Sho « 1iSeo ol (s piaS o U a5 |y pliaS s

By: Alavipour, PhD, PMP, CMIT wWww.dralavipour.com el gled guw 353 &yguo 30 Lo 399 ko 573



ACEMI \

059 30 WISl JIUT polor vyl 49

TR o
S,90 52 oS g xoas

oo &l
Hrsee Lo e
(PhD, PMP, CMIT)
CMAA Authorized Trainer
I, ! Hlinois Tech ozl



0595 30 Wl JILT mole wiyl,3

, 6390343 S 9 pouuad
ACE$ What we will learn?

 Introduction

O Inefficiency, Lost Productivity Costs or Disruption
% Basics
% ldentifying productivity loss
¢ Establishing Recoverable Loss Productivity

% Quantifying Productivity Loss

By: Alavipour, PhD, PMP, CMIT wWww.dralavipour.com el gled guw 353 &yguo 30 Lo 399 ko 573



Introduction



059y 30 Ol sl 3JUT zol> vyl )8

’ G905 Bl g Buas
A Primary reference

ASCE STANDARD

ANSI/ASCE/CI

FALYA

SOCIETY OF
S CONSTRUCTION LAW
Identifying, DELAY AND DISRUPTION
Quantifying, and PROTOCOL

Proving Loss of
Productivity

2nd edition
February 2017

www.sclorg.uk .

By: Alavipour, PhD, PMP, CMIT wWww.dralavipour.com el gled guw 353 &yguo 30 Lo 399 ko 573




0595 3 Wl sl LI gol> w48

’ 5290 52 WL 9 &y dai
A Why we need this?

O ASCE
Total project cost is -EGII‘LEGSE'& of subcosts including

*« Labor,

Matenals,

Construction equipment,
Subcontractors,

Design, and

Overhead.

[ Which one has more variability? ]
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A Why we need this?

O ASCE

The cost of labor is typically the component with the greatest
variability, and it 15 deermined by a combination of factors
including

Work scope definiton,
Quantities,

Design,

Crew composition,
Hourly crew costs, and
Crew productivity.

[ Why the variability here is important? ]

By: Alavipour, PhD, PMP, CMIT wWww.dralavipour.com el gled guw 353 &yguo 30 Lo 399 ko 573
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A Why we need this?

O ASCE

Because labor is such a significant portion of overall project
cosis, a loss of productivity typically results in a significant
amount of increased costs and reduced contractor profit. The
purpose and use of this standard is to help prevent, minimize, and
resolve disputes over identifying, quantifying, and proving the
loss of productivity on a project.

[ What does productivity mean? ]

By: Alavipour, PhD, PMP, CMIT wWww.dralavipour.com el gled guw 353 &yguo 30 Lo 399 ko 573
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‘A Productivity

O ASCE

The term productivity is most often presented in this standard
in the context of constmction craft workers. However, the
concepts and principles presented herein are also applicable to
the productivity of designers, subcontractors, fabricators, con-

struction equipment, and managers.

[ How productivity could vary? ]

By: Alavipour, PhD, PMP, CMIT wWww.dralavipour.com el gled guw 353 &yguo 30 Lo 399 ko 573
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ACE$ Productivity

O ASCE

Productivity can vary from the level anticipated in the budget
because acmal factors encountered on the project may differ from
factors anticipated at the time of bid for any number of reasons.
These disruptive factors may include

Schedule delay,

Acceleration,

Differing site conditions,
Out-of-sequence work,

Labor availability,

Stacking of wrades,

Excessive overtime,

Seasonal and weather condiions,
Design changes,

Cumulative impact of mulaple changes,

Poor project manage ment,
* Diluted supervision, and
« Other causes.

[ Why is this challenging? J '

ODCC
9
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O ASCE

Identifying the causes of loss of productivity is challenging
ifthose measurements and discussions did not occur during the
project. It is also challenging to identify causal factors if the
project participants are no longer available to assist in recon-
structing the project history. Disagreements over the quantifi-
cation, cause. and liability for productivity loss may become
contentious during the project and result in legal disputes and

lawsuits.
[ Why a standard needed? J .
oDCC
10
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O ASCE

For these reasons, there is a need to establish processes and
standards by which the causes and resultant loss of productivity
can be identified. captured, documented, quantified, and sup-
ported. This standard presents such guidelines. These guidelines
should, however, be viewed in the context of the indusry sector,
project delivery method, contract requirements and size, sched-
ule, sophistication and normal practice of the parties. their
behavior during the project. and other project-specific factors.
Because one size does not fill all cases, they are advisory, not

mandatory.
[ Who should read this document? J .
ODCC
11
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O ASCE

As stated, the purpose of this standard is to help minimize and
resolve disputes over identifying, quantfying, and proving the
loss of productivity on a project. The intended readership is
attomeys, consultants, contractors, designers, educators, owners,
researchers, and other project participants interested in the basics
of identifying, quantifying, and proving loss of productivity from
a construction and project management perspective. The associ-
ated contractual, legal, and accounting issues are complex, and
this standard touches only lightly on those aspects from a project

management perspective.
[ Who should read this document? J .
oDCC
12
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1 SCL Protocol:

18. Disruption claims

Compensation may be recovered for disruption only to the extent that the contract
permits or there is an available cause of action at law. The objective of a disruption
analysis is to demonstrate the loss of productivity and hence additional loss and
expense over and above that which would have been incurred were it not for the
disruption events for which the Employer is responsible.

By: Alavipour, PhD, PMP, CMIT wWww.dralavipour.com el gled guw 353 &yguo 30 Lo 399 ko 573
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U In construction, ‘disruption’ may be defined as
* An interruption to flow, continuity or sequence of planned work
* Abringing of disorder to an activity or project
SCL Protocol:

18.1 Disruption (as distinct from delay) 1s a disturbance, hindrance or interruption to
a Contractor’s normal working methods, resulting in lower efficiency.
Disruption claims relate to loss of productivity in the execution of particular
work activities. Because of the disruption, these work activities are not able to
be carried out as efficiently as reasonably planned (or as possible). The loss and
expense resulting from that loss of productivity may be compensable where 1t
was caused by disruption events for which the other party 1s contractually
responsible.

And:

In the construction context, disrupted work is work that is carried out less efficiently than it
would have been had it not been for the cause of the disruption.

-
ODCC

15
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1 SCL Protocol:

18.3 That lost productivity will result in financial loss in carrying out the impacted
work activities. However, not all lost productivity 1s subject to compensation.

The Contractor may recover compensation for disruption (whether under the
contract or for breach of contract) only to the extent that the contract permuts or
there 1s an available cause of action at law.

By: Alavipour, PhD, PMP, CMIT wWww.dralavipour.com el gled guw 353 &yguo 30 Lo 399 ko 573



0595 39 Sl 3 U 5IUT zolor aiyl 3
/ $390 5% w2l 9 sl
Zcen\ Definition

O ASCE
Kev Principles

Production is a measure of output only.

Productivity is a measure of production output per measure
of input.

[ I

[ What is the difference? J

¢ Actual productivity

¢ Planned productivity

Which one is preferred for productivity?
Labor-hours or monetary? '

By: Alavipour, PhD, PMP, CMIT wWww.dralavipour.com el gled guw 353 &yguo 30 Lo 399 ko 573



0595 39 Sl 3 U 5IUT zolor aiyl 3
/ $390 5% w2l 9 sl
Zcen\ Definition

O ASCE

When measunng actual productivity, actual labor-hours (input)
are preferred © be used and compared with actual work complet-
ed (output). However, there may be instances where complete
labor data are not available and use of monetary units or an eamed
value measure over time 15 the best alternative. Cumulative output
over cumulative input at different pomts during the project is a
measure of the calculated to-date productivity.

[ What methods are mentioned in ASCE? ] '
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O ASCE

Different methods are available for mﬂasur_iug the quantity of
output completed, including

« Physical units, where the quantity of work can be reliably
measured, for example volume of concrete placed, kength of
conduit installed or pipe placed, or weight of duct or rebar
installed;

« Money expended o date;

« Time expended to date;

» Earned value in the form of progress percent complete
achieved or revenue generated; and

« Rules of credit

[ How to collect and store productivity data? J .
OoDCC

19
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‘A Collecting and storing productivity data

O ASCE
Key Principles

o The data necessary to measure productivity should be
collected and analvzed in accordance with the project
requirements defined in the contract or execution plan from
project beginning to end, to the extent possible.
Productivity data should be collected from verifiable
contemporaneous profect records.

The data necessary to measure productivity for a specific
tvpe of work should be stored in a cost account defined
specifically for that work type.

The basis of productivity data measurement should be
documented and explained.

Data related ro change work should be tracked separately
from base contract work when possible.

Productivity data should be validated, and variations in
those data should be corrected or explained as early and

completely as possible.

[ How to collect? J '

ODCC
20

]

[}

]

i

[}
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‘A Collecting and storing productivity data

O ASCE

¢ The information and data necessary to calculate productivity metrics are typically

collected through a variety of project control procedures and software, which
aggregate_labor-hours, labor costs, material costs, equipment costs, and guantity

tracking.
s Data collection is being enhanced and streamlined by using advancing

technology, enabling real-time reporting of labor-hours expended and quantities

completed.

{ What information sources may be helpful? J '
OoDCC

21
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‘A Collecting and storing productivity data

O ASCE

More often the obstacle to collecting productivity data is not
technology, but rather the creation of a culture that values the
collection and use of productuvity data and the assignment of
enough trained organizatonal resources to use that technology
and information. Information sources that may be helpful in
understanding productivity and productivity problems include

Daily progress reports,

Paymll records,

Time-and-material reports,

Quality control and inspection reports,
Ad hoc reports and notes,

Payment requisitions,

Photographs and videos, and

Manes and witness statements.

[ What is the relationship between cost code and data gathering? J '
OoDCC

22
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‘A Collecting and storing productivity data

O ASCE

Stwrnng and analyzing the information should be done in
discrete cost accounts, within reason, @ help pinpoint trends
and problems. For example, storing formwork productivity data
for 30 bridges on a hichway project in one cost code leads to
difficulty in dentifying problems that develop on any one of the
30 bridges. A more useful approach would be to store data in

sub-accounts for each bridge or to have the ability to sort and
extract data for each bridge. Alematively, establishing a project
cost control system with an excessive number of granular cost
accounts may

Increase data collection effort and cost,

Increase the likelihood of miscoding information,

Provide insufficient information that has meaningful value
for tracking productivity, and

« Dissuade project participants from using the sysiem.

[ What are four steps for successful data collection operation? J '
OoDCC

23
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‘A Collecting and storing productivity data

O ASCE

A successful data collection operation typically involves

* Accurately assigning planned labor-hours to discrete work
activity codes,

* Accurately tracking the actual labor-hours expended,

* Identifying changes, and

* Recording and assessing the quantities of work installed.

{ How important scope reports are? J '

By: Alavipour, PhD, PMP, CMIT wWww.dralavipour.com el gled guw 353 &yguo 30 Lo 399 ko 573
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‘A Collecting and storing productivity data

O ASCE

Scope reports should be developed at the outset of the project
to define the scope of work contained in the labor plan and then
used throughout to track the work’s progress. These reports are
sometimes called activity scope reports or, in US Army Comps of
Engineers’ work, QC reports. They may also be part of a
contractor’' s normal daily report summary.

{ Let’s see an example! J '

ODCC
25
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‘A Collecting and storing productivity data

O Actual labor expenditures | o8 Number:.. ACTIVITY ;.
DESCRIPTION DATE: | |

should then be coded per the

DWG Labor Planned

INSTALLATION STEPS REF [ G | oo [ 2 |

il
j
:

scope of the report, perhaps

tracking back to a work

breakdown structure code. — - -

U In this manner managers can ——|—1—

ensure that the actual labor-

hours being charged to an
Equipment Rental, Totals, Scaffolding, etc. o | oy | Amosst

activity code are accurately

assigned. ——{—1—

Activity scope reporting form.
By: Alavipour, PhD, PMP, CMIT wWww.dralavipour.com el gled guw 353 &yguo 30 Lo 399 ko 573
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A Key principles

Establish a productivity measurement control system at the
outset of the project.

Monitor productivity continuously throughout the duration
of the project.

Identify causes of productivity losses as early as possible
and note those reasons in the project records.

Based on a cause-and-effect analysis, evaluate options and
take reasonable steps to mitigate productivity loss as early
as practical.

o Provide notice of productivity impacts within the timing and
format requirements of the contract.

i

i

i

i

{ What factors can cause productivity loss? J .‘
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‘{EM] Factors

Many factors can cause productivity loss, including

_
. & = = & @

Missing or overlooked scope,

Defective or incomplete design,

Change orders (individually or collectively),

Excessive or unplanned overtime,

Congestion caused by stacking of mukiple trades or joint
occupancy in the same work areas,

Unusually adverse weather,

Unanticipated third-party events, such as force majeure
events,

Disruption and out-of-sequence workflow,

Reassignment of crews,

Start-stop-restart of work activities,

Lack of site access,

Dilution of supervision,

Changes in crew size or shift,

Work interruptions,

Changes in logistics,

Poory trained or unmotivated work force,

Poordy managed or unsupervised work force,

Incomect crew size or crew composition and skill sets,
Inefficient sequencing of the work or procurement of
materials,

Absenteeism or turnover of labor,

Lack of tools and equipment,

Poor workmanship,

Waiting for instructions or direction,

Poor planning and scheduling, and

Relocation of lay-down and material storage areas.

0595 39 Sl 3 U 5IUT zolor aiyl 3
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Remember the causes mentioned
before?

What steps should be taken here?

~ By: Alavipour, PhD, PMP, CMIT wWww.dralavipour.com el gled guw 353 &yguo 30 Lo 399 ko 573
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A Regularly reviewing

In addition to collecting productivity data. regularly reviewing
productivity to identify variances between the planned and actual
labor expenditures 1s important to identify changes to and loss of
productivity. Methods of evaluating productivity include taking
periodic surveillance (job walks), talking to project representa-
tves, and reviewing labor productivity reports.

[ How to promptly identify potential problems and future trends? ] '
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Tabular and graphical representations such as
planned versus actual S-curves (common sigmoid functions)
and the examples presented in Table 3-1 and Figure 3-1 are
helpful for promptly identifying potential problems and fumre
trends. They should be used in conjunction with the activity
scope reports shown in Figure 2-1.

[ Let’s see the example ] '

By: Alavipour, PhD, PMP, CMIT wWww.dralavipour.com el gled guw 353 &yguo 30 Lo 399 ko 573




‘A Promptly identifying potential problems and trends

Table 3-1. Labor-Hour Variance Report.
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Current Current

Change Last %  Current %  Earned Previous Actual Week-2 Week-1 Week
Activity Activity Planned Order Per Plan Complete Complete L-Hrs. Total L-Hrs.  L-Hrs. L-Hrs. L-Hrs. L-Hrs.
Code ID (1) Description (2) L-Hrs. (3) L-Hrs. (4)  (5=3+4) (6) {7 (8=5xT7) {9) (10) (11) {12) (13 = 8-10)
TE60 Inst. CHWSE&R Mains 500 0 500 30 50 250 300 450 -75 -150 —200
TE70 Inst. CHWS&R 700 50 750 10 20 150 120 200 —40 -15 —-50

Branches
7080 Connections at 100 0 100 10 15 15 10 12 0 0 3
Mechanical Equipment

Total 1300 50 1350 50 85 415 430 B62 -115 —165 —247

Note: CHWSER = Chilled and hot water supply and return.

By: Alavipour, PhD, PMP, CMIT
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VARIANCE CURVE
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Figure 3-1. Graphical display of labor-hour variance.

illustrative purposes only.
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{ Let’s see more elaborate systems for tracking productivity used by larger companies! ]

By: Alavipour, PhD, PMP, CMIT wWww.dralavipour.com el gled guw 353 &yguo 30 Lo 399 ko 573



Table 3-2. Detailed Labor Productivity Report.
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Promptly identifying potential problems and trends

Job #: 1234 Job Name: Colorado River Bridge PM's Name: Jane Doe Report Run for Period Ending: January 20, 2018
Forecast Forecast
Cost Cost Account “Qty 58S Data Revised At To Projected  Inception Week Week Week Week Job To Lowest
Account Description Complete Complete UoM Description Budget Completion Complete Gain/(Loss) thru Date Ending Ending Ending Ending Week Ending Date Unit
1211617 122317 12/30M7 01/06/18 01/1318 ol/20M8 o1/20M8 Cost
Week Ending 123017
013020 Maintain T2% 65% LF Quantity 61,1000 68,404.0 18,404.0 (7.304.0) 30,4000 2500.0 5,000.0 5,000.0 3,400.0 2,700.0 48.000.0 5,000.0
Temporary Labor-Hrs. 3.0 4142 1437 70.2) 163.5 13.0 245 255 245 19.5 2705 24.5
Fiber Roll Productivity in Qty/'LH 1776 165.1 135.0 1859 192.3 204.1 196.1 138.8 138.5 181.1 204.1
LH/Oty 0,006 0.006 0.007 0.005 0.005 0.005 0.005 0.007 0.007 0.006 0,005
Labor $§% 17,489.00 20,71000 722671 (3.221.00) B,13576 649.75 122248 1,258.73 1,228.00 9B7.57 13 483.29 1,222.48
Labor $LH 50.84 50.00 50.28 4876 49.98 49.90 43.40 5012 50.64 49.85 49.80
Labor $/Qty 0.29 0.30 0.37 027 0.26 0.24 0.25 0.36 037 0.28 0.24
Week Ending 122317
013030 Remove 26% 3% LF Quantity 61,1000 68,404.0 50,954.0 (7.304.0) 1,750.0 1,000.0 700.0 0.0 1,500.0 12,500.0 17.450.0 1,000.0
Temparary Fiber Labor-Hrs. 240.0 245.0 160.5 (5.0) 6.5 35 25 0.0 75 645 845 3.5
Roll Productivity in Qty/'LH 2546 279.2 375 260.2 2857 280.0 0.0 200.0 183.8 206.5 2857
LH/Qty 0.004 0.004 0,003 0.004 0.004 0.004 0.000 0.005 0,005 0.005 0.004
Labor 8% 1220000 12,600.00 B,319.69 (400.00) 3257 172.58 123.78 0.00 3B84.23 328715 4.280.31 172.58
Labor $LH 50.83 51.43 51.84 48.09 48.31 4851 0.00 51.23 50.96 50.65 48.31
Labor $/Oty 020 0.18 0.16 0.18 0417 0.18 0.00 0.26 0.26 0.25 017

How to calculate from the raw and calculated data?

By: Alavipour, PhD, PMP, CMIT
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‘{EM] Raw and calculated data

Such forecasts can be developed by trending productivity to date or, as in this case,

by subjective estimates prepared by knowledgeable practitioners.

Table 3-3. Raw and Calculated Data for Cost Account 013-200.
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RAW DATA FOR PRODUCTIVITY CHART

PRODUCTIVITY (LF/LH)

WEEKLY JOB-TO-DATE WEEKLY LABOR- JOB-TO-DATE REVISED FORECAST AT
WEEK ENDING QUANTITY QUANTITY _HOURS LABOR-HOURS BUDGET WEEKLY JOB-TO-DATE COMPLETION
12217 15,300.0 15,300.0 84.5 84.5 177.62 181.07 181.07 177.62
12947 10,1000 25,4000 54.0 138.5 177.62 187.04 183.39 177.62
121617 5.000.0 30,400.0 25.0 163.5 177.62 200.00 185.93 177.62
122317 2,500.0 32,900.0 13.0 176.5 177.62 192,31 186.40 177.62
12/30M17 5,000.0 37,900.0 24.5 201.0 177.62 204.08 177.62
1/6/18 5,000.0 42,9000 255 226.5 177.62 196.08 . 189.63
11318 3,400.0 46,3000 24.5 251.0 177.62 184.46 189.63
1/2018 2,700.0 49,0000 18.5 270.5 177.62 184.46 165.13
12718 177.6 165.13

/

How to make forecast calculations?

By: Alavipour, PhD, PMP, CMIT
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Zcem\ Forecast calculations

Table 3-4. Labor Productivity Forecast Report.

FORECAST CALCULATIONS

CONSEVATIVE REMAINING CALCULATED LABOR- CALCULATED FORECAST
WEEK ENDING  QUANTITY REMAINING FPRODUCTIVITY HOURS REMAINING PROBAEILITY

Estimate based on
remaining work, actual
figures, and experience
of cost manager

v

1/618 25,504.00 190 ~ 134 189.63

1/20/18 19,404.00 135 144 16513

How to plot labor productivity trend graph?

By: Alavipour, PhD, PMP, CMIT wWww.dralavipour.com el gled guw 353 &yguo 30 Lo 399 ko 573
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A Labor productivity trend graph

It compares:

1. Weekly productivity

2. Job-to-date or cumulative productivity

3. Revised budget productivity

4. Forecast-at-completion productivity

This graph shows the productivity achieved as of 1/20/18, as well as the productivity
rates forecast for the entire project at different times since the work began.

PRODUCTIVITY for 013-020 Maintain Temporary Fiber Rolis

§_ 175.0 1= S e i i i =z -
s N
E 165.0
g = When could we say we
145.0 are doing well?
135.0
15.0}\ 5? & '
n A ~ ~ % = 'ﬁ’
S £ & Ff e & s oDCC

WEEK ENDING DATES

38
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Figure 3-2: Labor productivity trend graph. =g y° LQ” 89 ke )5'5
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A Labor productivity trend graph

PRODUCTIVITY for 013-020 Maintain Temporary Fiber Rolis

AN A N oA
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e fad o
WEEK ENDING DATES
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Figure 3-2: Labor productivity trend graph.

The cost account is performing well if the job-to-date produc-
tivity trend line increases over time and stay s above the revised
budget productivity line. Dramatic changes in weekly productiv-
ity may indicate issues in the field affecting productivity. The -
graph could also be used to calculate unimpacted productivity,
which could be used in a measured mile analysis. cC

39
By: Alavipour, PhD, PMP, CMIT wWww.dralavipour.com el gled guw 353 &yguo 30 Lo 399 ko 573
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A Labor productivity trend graph

Using eamed value labor reports and graphic depictions of the
labor trends on a project, the management team can quickly
identify areas of potential labor production impacts. This allows
the eam members to focus their attention on diagnosing the
cause of labor overruns. Once the cause is identified. proper
notice can be provided to the appropriate party and remedial
actions considered and taken.

By: Alavipour, PhD, PMP, CMIT wWww.dralavipour.com el gled guw 353 &yguo 30 Lo 399 ko 573



Inefficiency, Lost Productivity Costs or
Disruption

(Establishing Recoverable Loss Productivity)



‘A Introduction: Key Principles

o

4]

[&]

L8]

%]

[&]

To recover a productivity loss, one should show that the
actual conditions differ materially from those that should
have been reasonably anticipated.

Productivity losses cannot always be determined precisely.
The more supportable and precise the estimate of produc-
tivity losses by cause, the more likely the estimate will be
accepted.

Loss of productivity resulting from ‘cumulative impact
changes may be proved in cerfain circumstances even if
individual change ¢ffects cannot be isolated and measured
discretely.

Project participants can be valuable sources of information,
and their perspectives should be considered when investi-
egating productivity loss.

Ideally, project decumentation shouwld capture important
information about productivity and should be reviewed.
Major claims for loss of productivity prepared by produc-
tivity loss experis may be preferred because project parti-
cipanis may be considered biased or unable to undersiand
the full project picture.

0595 39 Sl 3 U 5IUT zolor aiyl 3
$90 5 ool g goal

[ What should be done to have successful claim? ] '

By: Alavipour, PhD, PMP, CMIT wWww.dralavipour.com el gled guw 353 &yguo 30 Lo 399 ko 573
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A Recovering productivity loss

To be successful, a claimant must demonstrate that the actual
productivity was maenally or substantially different from the
productivity that should have been anticipated but for the claim-
able impact. In this standard, the term elaimant s used in a
general sense. It could mean either a contractor or an owner, and
the situation could be either prior to or during litigation. For
claimable impact, actual productivity rates should be compared
to levels that were achieved or would have been achieved absent
the claimable disrupting event. Cause and effect must be estab-
lished to a reasonable degree of certainty for the loss to be
recoverable.

[ How important this claim is? ] '

By: Alavipour, PhD, PMP, CMIT wWww.dralavipour.com el gled guw 353 &yguo 30 Lo 399 ko 573



0595 39 Sl 3 U 5IUT zolor aiyl 3
$90 5 ool g goal

‘A Recovering productivity loss

Because there is often a significant mm'lEEII}" loss involved in
loss-of-productivity claims, courts and other triers of fact require
proof of causation and liability for the losses w be recoverable

and generally require estimony by experts to help assess the
issues, as project participants are often considered biased or

unable to understand the ‘project as a whole.

[ How important is it to have contemporaneous records? ] '

By: Alavipour, PhD, PMP, CMIT wWww.dralavipour.com el gled guw 353 &yguo 30 Lo 399 ko 573
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A Recovering productivity loss

Measuring and identifying productivity ‘over time can be a
means to more directly identifying a claimable ‘canse or changed
condition and the resulting loss of productivity. Failing to
maintain contémporaneous labor production records may lessen
or preclude recovery in a loss-of-productivity claim. Maintaining
contemporaneous and accurate labor reporting not only allows
the contractor to quickly identify and address labor overmns, it
also allows the contractor to mitigate losses and provide timely
contractual notice of potentially recoverable productivity impacts
ansing from changed conditions, as well as to'quantify possible
losses. Contemporaneous notice, in turn, also provides an owner
with the opportunity to consider ways (0 mitigate such impacts.

[ Do courts require claimants to prove damages with absolute certainty? ]'

ODCC
45
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A Recovering productivity loss

Courts have also determined that claimants need not prove
their damages with absolute cemainty, because loss-of-produc-
tivity claims are complex. However, productivity claims can be
rejected if the claimant fails to demonstrate that actions by one
party caused damages © an opposing party. The relationship
between cause and effect may be a significant hurdle in both
meeting (contract requirements for changes and delays and prov-
ing the impact in dispute resolution. Fact witnesses may be useful
in identifying and providing convincing evidence for the cause
and effect elements of a claim.

[ Do courts require claimants to prove damages with absolute certainty? ]'

ODCC
46
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Inefficiency, Lost Productivity Costs or
Disruption

(Quantifying Productivity Loss)



}A Introduction: Key Principles

(]

[}

[}

[}

[}

[}

(]

A full review of the relevant project and the project

I.rgforﬂm.lmn should be conducted and incorporated into the

analysis.

The preferred order of methods for quantifving productivity

loss is

o [Tier 1: Measured Mile.

o Tier 2: Academic and Industry Productivity Factors
Studies and Modified Total Cost.

o Tier 3: Total Cost.

Before moving from one tier to a lower tier, reasonable

degree of certainty that a higher-tier method could not be

used should be shown.

If deing so improves the overall reliability of the produc-

fivity damage estimate, separate productivity analyses

should be used in different periods or areas on a project.

Those separare analyses should not overlap or duplicate

each other.

Loss-of-productivity computations should be evaluated ro

ensure that the results are credible and sensible, and agree

with job cost records.

Productivity loss computations should be compared with the

project’s total cost loss and job cost records 1o check and

support the relative reasonableness of the damage

calculation.

If several different quantification methods produce similar

estimates of the loss of productivity, the quaniification effort

may be considered maore reliable.

By: Alavipour, PhD, PMP, CMIT
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How to select Tiers?

wWww.dralavipour.com el gled guw 353 &yguo 30 Lo 399 ko 573



, Tiered approach to damage
ACE& guantification methods

Although we have taught the detail of tiers previously
You could read the detail from the Standard

[ How to convert lost hours into lost money and lost time?J

By: Alavipour, PhD, PMP, CMIT

www.dralavipour.com .cewl &
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ZEM] Effort and reliability of loss-of-productivity quantification methods
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‘A Inefficiency analysis (disruption analysis)

1 SCL Protocol:

1. Disruption caused by variation: It is recommended that compensation for

disruption caused by variations be agreed in advance of carrying out the

variations or, where this is not practicable as soon as possible after completion

of the variations (see the guidance to Core Principle 19 in Part B).

2. Disruption caused by other events for which the Employer is responsible: It is

recommended that disruption caused by other events for which the Employer is

responsible are compensated by
I.  Actual reasonable costs incurred

Il. Plus a reasonable allowance for profit if allowed by the contract

ODCC
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