v
A A

Y o A A ' Y v Y a
ﬂﬁ‘i)ﬂﬂﬁNﬂuuuﬂ‘i]ﬂ‘i’illiﬂiﬁﬂﬁﬂi’)ﬁ’ﬂQ‘i’l‘l/‘li]1’§m1ﬁ§]i]ﬂﬂ1uﬂﬁNuiﬂﬂ

F5szanamsnszuam sy

L%

a a dt: I3 J d! = [y a =S a
InentinusHiluaruvtiavesmsanmmunangasiiya3ninssumansquivudia
) )
TUNIBIAINIINTB
a U =S =
uvIngnagmalulaggsus

Ymsenu 2558



FINANCE-BASED SCHEDULING FOR CONSTRUCTION
PROJECTS WITH PAYMENT FLOWS

FORECASTING

Wisitsak Tabyang

A Thesis Submitted in Partial Fulfillment of the Requirements for the
Degree of Doctor of Philosophy in Civil Engineering
Suranaree University of Technology

Academic Year 2015



a

MIdamIaHunanIsulasamMIneas1annasanifademumstulagds

ﬂ§$N1mﬂ1iﬂ§$!!ﬁﬂ1ﬁhﬂﬁu

T a a v

a @ Y 4 f I 1 :
wriInenaoma luTadgsuis oyda lhivineniinusatuiiudiuniisvesmsnmn

o

amunangaslsyanauiacia

Q

a a 4
AUTNTITUNITADUINYIUNUD

J o
(WA, AT WTWIU AULEN)

sE5IUNTIUNG

(57. 9599390 1y lows)

c’d’ a a 4
NITUNIT (mmiﬂwﬂ?ﬂm’mmuwu‘ﬁ)

Y J o
(3. AT INUNA TAUITIN)

NITUNIT

do  a o
(WA, AT.NIHYY INASUY)

NITUNII

(A, A3.3%32 1NETgNIN)

NITUNII

a Aa Aalo J J o A .
(@ A3.9409 auTlTIIn) (571. 5.9. A5.UATT Hridilszenan)

a J a o 0o w A a 4
50995MIUAEIMIMIIUAZUIANTTY AUVATIINITIAINTTUAITAS



AAugdng WUl : msvamsnduiiufinisuIassmsneaieininsantitodu
M33uTasd51521aM3NIZaN1391891 (FINANCE-BASED SCHEDULING FOR
CONSTRUCTION PROJECTS WITH PAYMENT FLOWS FORECASTING)

P J a 9
@1%']3‘(’J°Vllﬁﬂ‘hﬂ D TONANENTI913Y AT.IYIHY !,‘Uﬂlu‘ﬂIfJW'lﬁ, 220 ¥iun

Y
v A o

mAveiiauonumielniddmsumsdaniseduiunanssuIasansnoasan

'
Y a 9 S A

#nsafadediunstu dmsulasemsneadendigduuunsteduaaauTagnisi
ax 1 a g’/ Yo Y d' o I d‘
FmsdszunanszuamsnoRuveanidivmunazives Iasamsngnimuadlueu ly

Y
J 19 a 1 a @ a 4 v
N15910N9NTEUARUAANUALNTEUTNRUTATY 1AUNITAATIZHNANTENUUDIT 08015

=) J

1 a Yo 9 1 a 1 [ . a
inEJN‘LlGU’O\i@‘iﬂﬂ’ﬁﬂﬂ’wiﬂi\‘lf‘lﬁﬂ@ﬁ'%}Nﬂi{I nuNYee payment time delay UNQRBDNTSLTLIU

[
9 w A [

! ] kY Y
gaasaNvodInsIn1oe1al ﬂﬁWﬂﬂJ%igﬂUﬂ’NNL%BNU 95% AIUUIIUN ﬂﬁ%ﬂuWﬂ%i}ﬂuiﬂ

o

. 1 o 4 1 a 9 . .
fA® payment time delay (PTD) 52U Do U 1un1591013Uv0 31909 1ATIN15AD receipt time
o o a P 1 a 1
delay (RTD) 1WA LU UT 109N NAAIAAT N30 UT2aunIsuans 1ok uaaona

1 a [ d' 9 =1 =3 [ o d‘d ] Y] é 1
mimﬂmuﬁmummmuulm”l@ Llazlﬂiﬁl‘umEJ"lJﬂ‘lJLL‘]J‘]JﬁHﬁE]\?‘VHJE]Qﬂ"U@‘]Ju FINWUI

o A o Y v Jaa ' ° Aa @ g Y o a 4
LL‘]J‘]J%']Q@\‘WIH'IL@"L!@“!,WWaaW‘ﬁVlﬂﬂ?TL!UU%Tﬁ@QV]N@Qiuﬂ%ﬁ]‘Uu u@ﬂmﬂu”lmmmiamiww

q

1 a J gl./ (% g}/ a s A (Y
ﬂ’ﬂllul’JGU?N‘ﬂTWﬁHJM?JSVNﬁ@WI’J ﬁ’ﬂ PTD ita& RTD 'i?!iJﬂﬂWWiWNLﬁﬂiﬁLﬂﬂ’Jsﬂ}ﬂﬂﬂﬂﬂﬁ

11983 UVDIRT VKU A9 billing date (BD) tivodny 1w Tiiunsasunasveayan1itu

= 9y

uliyBgegauazaununianstuanmstsuaiminimes Fawuanisdiual PTD

)]

1nt

A o [

Aa sy o cay A 4 2 e y
U UQ?JLLM’JTL!?JVHGI,TW“’Gﬂ?‘ﬂ\‘lﬁ@ﬁﬁﬂa\‘] "]NE’NWﬁﬂﬁTﬁS’UTﬂi\iﬂﬁﬂ@ﬁi”l\‘]ﬂlllﬂ”lﬁiﬂﬂﬂ”lu
9

2De

ATV
1 Y] 1 A tg A A 9 o 4 1 g}/ A zg )

n13aaauNy @aun5U5uA1 RTD iag BD tNNAUU ENNLL‘H’JI‘HNﬂ?iﬁgﬁﬂ?ﬂﬂﬁ@\ilwuﬂlu BN
' 9 Ay 1 y a4 A 2 v & Av a A A= A < o o

?NWfﬂGh’iTﬂi\‘iﬂ”lﬁll@]unuﬂ”lﬁﬂ@ﬁi”lﬁﬂl‘l/\nﬂ]1! muummfﬂfmnmuwuﬁumuﬂiﬂwummu

' Y Yo A Yo ! 9 1 a

%381ﬁﬁ5ﬂlﬁﬂ1ﬁﬁ@Ej%ﬂﬂ?iiﬂi\?ﬂ?iﬂ@ﬁﬁ?\?ﬂluﬂ15'J'NLLNUfﬂﬁ‘MEJNUﬂTEJGlUIﬂﬁﬂﬂ']i uag

’J”I\‘lLLNU'VH\?ﬂ?iﬁ'ﬂjﬂﬂﬁlw1$ﬂ1§§lﬂﬁ1ﬂ§$lﬂmﬂ”I'iﬂﬁmlﬁﬁuﬁﬂsl]’ﬂﬁiﬂﬁﬁﬂTiGlﬁ}ﬁﬂ’ﬂiJ
A A 9y Y A [ I a ~ A @ v A a

u’llﬂ)’@ﬂ@llﬁ$Qﬂ@]ﬂ\?clﬂaLﬂENﬂUﬂ’J'llllﬂuﬁliﬂiJ'lﬂVIq@ LW’E’J’GTHU’GTHHﬂ'li@l@ﬁ'uﬁl%ﬂ'lﬂﬂ'lilﬂu

Tasamsneadiane 11

a a A A v =K
q1U1IW N33 51 DYUDBOUNANY

a = A A I
ﬂﬂ’]'i‘ﬁﬂ‘]&l’l 2558 a’]fliJ’f]‘]f’f]f]’ﬁ]’lﬁEﬁﬂﬁﬂH’l




WISITSAK TABYANG : FINANCE-BASED SCHEDULING FOR
CONSTRUCTION PROJECTS WITH PAYMENT FLOWS FORECASTING.
THESIS ADVISOR : ASSOC. PROF. VACHARAPOOM BENJAORAN,

Ph.D., 220 PP.

FINANCE-BASED SCHEDULING/BILLING DATE/PAYMENT TIME

DELAY/FINANCING COST/PROJECT OVERDRAFTS

This thesis proposes a new approach for finance-based scheduling on a
construction project in which the contractor receives progress payments as parts of the
project are completed. By using payment flows forecasting corresponding with the
contractor’s and the owner’s payment conditions to estimate cash outflows and
inflows. Starting with the analysis of the impact of the contractor’s payment
conditions on the real projects. The results showed that the effect of the payment time
delay on the cumulative cash flow is significant at the « = 0.05 level. Thus, the
payment time delay (PTD) is only considered in the model for cash payment outflows
forecasting. The other factor of the owner’s payment as progress payments that is the
receipt time delay (RTD) is also considered in the model for cash payment inflows
forecasting. Comparisons with the results of the existing model are made. It showed
that the proposed model produced the results better than the existing model.
Moreover, the sensitivity analysis was used to investigate the effect of three factors
(PTD, RTD and BD) on the maximum overdrafts and financing costs. The analysis
showed that shifting the BD and extending the RTD toward the end of period

increased both the project overdrafts and finances but that extending the PTD



decreased the project finances when the end of period elapsed. Thus, the modified
model enables managers to produce fewer project overdrafts and lower financing
costs. In addition, the analysis demonstrates the usefulness of properly arranging

subcontractor payments to meet the financial constraints of the contractor.
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M 3.3 519aDIATIUIURUIIANIULAZTZIZIAINITNIIRUIIANUKHAIINNTINDTA

A
voa1ATININ 1 tag 2

Tasamsn 1

Tasamsi 2

INNY IMIUEY | sTEznmIMInetu UIURY 32N
i VM) HAIMITIA U) VM) NBRAUKAINTAS
90 ()

1 2,247,000.00 15 2,344,000.00 10

2 2,996,000.00 19 1,758,000.00 19

3 3,745,000.00 20 1,172,000.00 14

4 2,996,000.00 7 2,930,000.00 5

5 2,996,000.00 8 2,930,000.00 6

6 3,745,000.00 2 2,930,000.00 13

7 3,745,000.00 7 3,516,000.00 9

8 4,494,000.00 9 4,688,000.00 8

9 4,494,000.00 14 4,688,000.00 14

10 2,247,000.00 6 5,860,000.00 22

11 2,247,000.00 6 5,274,000.00 29

12 2,247,000.00 8 5,274,000.00 6

13 2,247,000.00 20 5,860,000.00 14

14 2,247,000.00 11 3,516,000.00 10

15 2,247,000.00 2 5,860,000.00 12

16 1,872,500.00 8 - -

17 1,872,500.00 2 - -

18 2,247,000.00 8 - -

19 2,247,000.00 2 - -
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A15197 3.3 519a20IATIUIURUIANIULAZIZEZIAINTYRUIIANUNAI1NNTIDA

< '
voa1ATININ 1 tag 2 (919)

Tasamshi 1 Tasamsi 2
AU UIUNRY S2ZNMMINYEAY DIUIURY 328N INYEY
i (V) HAIM TN OU) (V) HaIMITIIA ()
20 1,872,500.00 9 - -
21 1,872,500.00 11 - -
22 2,247,000.00 9 - -
23 2,247,000.00 2 - -
24 2,247,000.00 11 - -
25 2,247,000.00 11 - -
26 2,247,000.00 2 - -
27 2,247,000.00 22 - -
28 2,247,000.00 22 - -
29 2,247,000.00 15 - -

1 1 g o a JyY A . . y
Tunpaz¥9nanaoane Insans LagiInN1s BATIZHAIT factorial experiment !‘ﬁ’f)'i/]ﬂﬁ’f)‘u

a 1 [ 1 dald 1 dl 1 A v o W A 1 2 9
anmgmmﬂwﬂmmunwaﬂsz1/1mslaﬂmﬂaauuﬂmammuﬂmﬂmme% Tagisu1n9o
AVVAFIUNTNATOUANNYNADIV0INITUTZIBAUNUTATING LAZADAIINITTIAD

sUnuumsswtateteu lumsiiesu
331 YeaunAgIiumInadoy

a a o dy 9 A a o Aa
lumsnageuauuagiulunuiseillanagounansznuiinasin 3 Jovednil

! ! 1% o [ o o . = a A
awananulu 2 szau Tasndatluminadeuilatenan (test of main factors) UAUNAFIUN
nadoufe Yaseuan laun Payment time delay (T) Payment components (C) 48 & Payment
frequency (F) MINANTENUABAIAOUAUDILSNINTLUARUAATE TUVDUAALHINIAIVDY
Tasamsnuanananulunnseauilateesnnitisdinty (H,) Hagmsnadouilade39u (test of

interaction factors) NauuAg uAinaao Ao a3 msznI191998 T uag C 199052052119
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17998 T uag F 19385952121917998 C uaz F uaziladesiuszwinatlade T, C uay F Ll
NANILNUADAINDUAUDIUSUIUNTLUFRUTATLTNVDILADLHEINIAIVDI IATINITNUANA

o @

nulunnszaviateessliisdan (H,)
o U 4‘ ) a
332 msdeesyuuumssintedusenlunmsoieiv

atetoulunisieRuiiinadonugndssresnsdssuunszudituda
Tnseamstsenevaie 3 Tade (Chen, 2005) Ao payment time delay (T) payment components (C)
Aa o g Yo [ 1Y d‘ 1 a
1182 payment frequency (F) Tuaudseil 1asiassgluuumsaunuvesifadeou lumsdiedu
{3 1 { A 1A [
miluld1ddseneudae 8 suuw 1dun jUnuunnnsawag linsandeds T (T, NT)
/—i’Q Ta (%3 lﬂ‘Q ra (%
supunasavag luinsanidds ¢ (€, NO) nazglupuinasanuag lunnsandeds F
[ 1 A ' a 1% Y v a 1 Y
(F, NF) Tasfvuaaiuou lumsnesuvestielinunanenssuluunuauneadauuy
miuaue Av 1998 T NAIMUATZEZIAINITIYRUNAIDINNITINDA 5 TUFIMTUAILTIUY
Y] o ] [ [ { o 1 < 1 1 [
uaz 30 udmiuaiag a9 ¢ Amualinieneniludesdiufenusanunazaiag uaz
[ ~ [ Y a g’/ 4 A a = o a ?1‘/ ~ v A
Jade F nmnualindagesasinomonulunnnanisuae Muuadedansan 1 ludun 1
?1‘/ d' U d' = = o d‘ ] a 1
pazaian 2 luduh 15 veanni@eu s1eaz@oavesmstmvuadou lunisoiesuluuaag
[ d' 1 d‘ 1 a 9 v Yo @
gUuuy awaaslumsiei 3.3 doutou lumsnedunnmivesinsems legSumuman
o 1Y o Y o 1 A [ QSI a 9
lumstmesguvumssiulaveaz mmnualiniudinanuaeiuaugavesnanssuganelu
1AL LazmMrUa T2 o281 T NBRUNAINTF319291UN 10 TudmsuTasenisn
[ o [ ~ 1% ) g’; dy Y] 1 I~ ] { v
1 wag 13 SudmsuTasansi 2 dugnmstaesguuy Niilszeznaainarilununfed
° Y] ~ 2 ° Yo Yo
AuunndoyavedInsanslumsned 3.3 venanilunmssiassgunyldtmualidons
Y v
apnibeudUuuRwDnnulay® (bank overdraft) Nivoay 12 avll saud lilinsiienu

' 9y = v Aa Y] .
21U (advance payment) waz lufimsinRulseAunany (retainage)
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A13199 3.4 Mmamvuateu lunmssfstensiiedulumssiaogiuuy

siuuums Payment Payment Payment
U
sailade Time delay, T Components, C Frequency, F
T,C,F AT 5 U, AIE9 30 U | ALY, ANIEe U 15 wag 30 voudoU
T, C,NF AT 5 U, AIE9 30 U | ALY, ANIEe U 30 VoAU
T,NC, F AT AAZAIIAY 5 T FINAWIWAZAIETR U 15 wag 30 voudoU
T,NC,NF | awsauaza1iag 5 u FINAWIAWAZAIETY U 30 VoAU
J Yo a 1 1w o A =)
NT,C, F Neyliiunaia AT, ANIER TUN 15 1ag 30 Yo uAdU
1 Yo a 1 1w v A =)
NT,C,NF | Meliiunsia AT, AVIER Ui 30 vouAoU
NT, NC, F neliiunada FINAMTUALATIAG Juf 15 uag 30 veuRoY
NT,NC,NF | mel#iuaniia FINAWTUALATIAG Juf 30 veaRoU

A vy Y ° o 1 Y = Y
Lllﬂhl@MGM“ﬁﬂWuﬂ1‘§ﬂ1ﬁﬂﬂ§ﬂl!ﬂﬂﬂﬁ]i]‘c’liﬂﬂiﬂ‘idﬂTﬁﬂ@’ﬁ‘iNﬂimﬁﬂ‘HHLa'J

Y
Ao A
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aseidlu 1yl 18n 1dnauuddnedu Taemsilszananszuatuaadzayluuaazyianal
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= o

awoulynisteRuveanaazgluny Fadunndunisigniudus lag Autas

U

=

Hendrickson (1986) @ataaalusinton 2.3.1 Tuunnmiuua1s199 3.4 949 3.11 uaaInanis
o A A A é’ A o [ a
AunszudduaaazauiinaruanngluuuNon lumsswidatemsiedu (T, C, F), (T, C,
NF), (T, NC, F), (T, NC, NF), (NT, C, F), (NT, C, NF), NT, NC, F) ta g (NT, NC, NF) v 4
TATINITN 1 9IUEIAY HAZATIIN 3.12 D49 3.19 uaAIHaNITAIUIANIZUARUTATEaUN
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mavungduuuleu lunssinilatens 8 jUuuy veelasanisi 2 mud AU UReINY
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li' a ti' a dﬂg lﬂ' Q/ 1 =)
MITNN 3.5 ﬂﬁ3L!’m\ﬂ!ﬁﬂﬁ$ﬁﬂJ“I/ILﬂWUu%'lﬂgﬂL!U‘]JNfJuulGUﬂWiﬁ’JiJﬁ%ﬂfJﬂ'lﬁ%'IEJNL! T,C,F

~
v931A39M5N 1

sourlana1lnd Hmnmnsualuanazay
(typical period) (cumulative cash flow)

TTRIONY 2550 -
AINGIAN 2550 (338,961.07)
Famau 2550 (3,086,934.23)
AU 2550 (888,863.03)
RGN 2550 (4,097,143.73)
noAINIEY 2550 (3,793,366.90)
FUNAY 2550 (1,580,711.36)
UNIIAY 2551 (832,906.72)
AUMAWUT 2551 (4,076,562.02)
Hua 2551 (4,551,242.32)
[EOhSREAE 2551 (7,471,068.63)
NHBNIAY 2551 (7,560,093.17)
TR 2551 (8,383,111.35)
NINYINY 2551 (8,385,295.49)
Famau 2551 (5,911,353.08)
AU 2551 (3,813,490.85)
ALY 2551 (1,000,172.84)
WO AN 2551 (1,954,116.80)
FUNAY 2551 (344,277.81)
UNIIAY 2552 (2,006,591.79)
ANAIWUT 2552 (1,407,962.48)
Hua 2552 2,832,014.17
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] ' Y ]
MINN 3.6 nizudluaadzduiinarunngluuutou lymssauilatenisaienu T, C, NF

~
v931A39M5N 1

sourlana1lnd Hmnmnsualuanazay
(typical period) (cumulative cash flow)

TTRIONY 2550 -
NINYIAY 2550 (85,812.93)
ARG 2550 (2,603,850.34)
AU 2550 (496,597.82)
Aa1Aw 2550 (3,544,347.28)
noAINIEY 2550 (3,174,655.86)
FUNAY 2550 (1,026,360.01)
UNIIAY 2551 (409,956.42)
AuMWUT 2551 (3,489,019.31)
Huau 2551 (3,435,763.07)
SO YRIAT! 2551 (6,371,732.59)
WOHNIAY 2551 (7,081,261.46)
uguIeY 2551 (7,560,321.68)
NINYINY 2551 (7,127,745.95)
GRLRGEY 2551 (4,925,782.85)
AU 2551 (4,458,696.82)
aa1nw 2551 (1,722,074.12)
W AN 2551 (2,811,956.48)
FUNAN 2551 (1,214,203.02)
NN 2552 (2,207,830.44)
ANANUT 2552 (2,095,653.18)
Huay 2552 1,864,684.32
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] ' Y ]
MINN 3.7 nizudludadzduiinatunngduuutou lynmssawilaten1s91eRku NT, C, F

~
v931A39M5N 1

sourlana1lnd Hmnmnsualuanazay
(typical period) (cumulative cash flow)

uguIeY 2550 (85,812.93)
NINYIAY 2550 (2,517,179.28)
RV 2550 (5,678,098.56)
AU 2550 (3,482,233.02)
fa1nY 2550 (6,892,363.93)
AN 2550 (7,022,541.72)
FUAN 2550 (4,169,443.55)
unNIIAY 2551 (3,503,651.31)
AUATUT 2551 (7,230.431.58)
TRGHY 2551 (10,950,255.42)
SORENT! 2551 (13,971,346.84)
WOHNIAWY 2551 (11,871,592.91)
Nguieu 2551 (13,751,599.89)
NINGINY 2551 (13,870,487.80)
GRLRGEY 2551 (9,768,254.49)
AU 2551 (1,791,394.84)
Aa1AY 2551 1,635,280.16
W AU 2551 994,885.16
FUNAN 2551 2,265,282.78
UNIIAN 2552 (2,288,165.81)
ANANUT 2552 1,842,943.69
AIREHY 2552 6,336,943.69
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] v Y 1
MINN 3.8 niznaRudadzaninavuInguuuton lumssawiladsnsneitu NT, C, NF

~
v931A39M5N 1

sourlana1lnd Hmnmnsualuanazay
(typical period) (cumulative cash flow)

uguIeY 2550 (85,812.93)
NINYIAY 2550 (2,517,179.28)
RV 2550 (5,678,098.56)
AU 2550 (3,482,233.02)
fa1nY 2550 (6,892,363.93)
AN 2550 (7,022,541.72)
FUAN 2550 (4,169,443.55)
unNIIAY 2551 (3,503,651.31)
AUATUT 2551 (7,230.431.58)
TRGHY 2551 (10,950,255.42)
SORENT! 2551 (13,971,346.84)
WOHNIAWY 2551 (11,871,592.91)
Nguieu 2551 (13,751,599.89)
NINGINY 2551 (13,870,487.80)
GRLRGEY 2551 (9,768,254.49)
AU 2551 (1,791,394.84)
Aa1AY 2551 1,635,280.16
W AU 2551 994,885.16
FUNAN 2551 2,265,282.78
UNIIAN 2552 (2,116,539.95)
ANANUT 2552 1,843,797.55
YATRGPY 2552 6,337,797.55
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] ' Y ]
MINN 3.9 nizudludadzduiinarunngluuutou lymssiuilatenisaienu T, NC, F

~
v931A39M5N 1

sourlana1lnd Hmnmnsualuanazay
(typical period) (cumulative cash flow)

T RTAT 2550 -
AINGIAN 2550 (929,640.08)
R 2550 (4,214,129.97)
AueeU 2550 (1,804,148.51)
AaAN 2550 (5,387,002.13)
AN 2550 (5,241,707.90)
FUNAY 2550 (2,878,879.73)
UNIIAY 2551 (1,824,472.64)
ANAIUT 2551 (5.452,223.73)
YIREHT 2551 (7,164,776.14)
[FURIRENT 2551 (10,071,734.61)
NN 2551 (8,721,887.45)
gy 2551 (10,347,919.42)
NINQINY 2551 (11,364,992.92)
GRUALH 2551 (8,283,947.04)
AU 2551 (2,327,184.73)
Aa1nY 2551 672,560.27
W AU 2551 32,165.27
FUNAY 2551 1,660,116.77
UNIIAY 2552 (1,579,321.34)
AUAWUT 2552 566,563.66
TRGHY 2552 5,060,563.66
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] v Y ]
M350 3.10 nszudRuaaazaunavuIngduuuton lumssauiladen1s9etu T, NC, NF

~
v931A39M5N 1

souanImdnd HBnunszualuanazan
(typical period) (cumulative cash flow)

TTRIONY 2550 -
NINYIAN 2550 (85,812.93)
Famau 2550 (2,603,850.34)
AU 2550 (496,597.82)
RGN 2550 (3,544,347.28)
noAINIEY 2550 (3,174,655.86)
FUNAN 2550 (1,026,360.01)
UNIIAW 2551 (409,956.42)
ANAHUT 2551 (3,489,019.31)
Huay 2551 (3,435,763.07)
WHIYU 2551 (6,371,732.59)
NHBNIAY 2551 (7,081,261.46)
TR 2551 (7,560,321.68)
NINYINY 2551 (7,127,745.95)
GAVRGYY 2551 (4,925,782.85)
e 2551 (4,458,696.82)
RGP 2551 (1,722,074.12)
WO AN 2551 (2,811,956.48)
FUNAY 2551 (1,214,203.02)
UNIIAY 2552 (2,207,830.44)
ANAWUT 2552 (2,267,279.04)
Huay 2552 1,863,830.46
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] 1 Y 1
MINN 311 nszudluaaazauiinaruangluuuten lumssauifadenisieku NT, NC,

F 4041597157 1

sourlana1lnd Hmnmnsualuanazay
(typical period) (cumulative cash flow)

uguIeY 2550 (85,812.93)
NINYIAY 2550 (2,517,179.28)
RV 2550 (5,678,098.56)
AU 2550 (3,482,233.02)
fa1nY 2550 (6,892,363.93)
AN 2550 (7,022,541.72)
FUAN 2550 (4,169,443.55)
unNIIAY 2551 (3,503,651.31)
AUATUT 2551 (7,230.431.58)
TRGHY 2551 (10,950,255.42)
SORENT! 2551 (13,971,346.84)
WOHNIAWY 2551 (11,871,592.91)
Nguieu 2551 (13,751,599.89)
NINGINY 2551 (13,870,487.80)
GRLRGEY 2551 (9,768,254.49)
AU 2551 (1,791,394.84)
Aa1AY 2551 1,635,280.16
W AU 2551 994,885.16
FUNAN 2551 2,265,282.78
UNIIAN 2552 (2,288,165.81)
ANANUT 2552 1,842,943.69
AIREHY 2552 6,336,943.69
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] 1 Y 1
MINN 312 nszudluaaazauiinaruangluuuten lumssauifadenisieu NT, NC,

NF ¥941n590159 1

sourlana1lnd Hmnmnsualuanazay
(typical period) (cumulative cash flow)

uguIeY 2550 (85,812.93)
NINYIAY 2550 (2,517,179.28)
RV 2550 (5,678,098.56)
AU 2550 (3,482,233.02)
fa1nY 2550 (6,892,363.93)
AN 2550 (7,022,541.72)
FUAN 2550 (4,169,443.55)
unNIIAY 2551 (3,503,651.31)
AUATUT 2551 (7,230.431.58)
TRGHY 2551 (10,950,255.42)
SORENT! 2551 (13,971,346.84)
WOHNIAWY 2551 (11,871,592.91)
Nguieu 2551 (13,751,599.89)
NINGINY 2551 (13,870,487.80)
GRLRGEY 2551 (9,768,254.49)
AU 2551 (1,791,394.84)
Aa1AY 2551 1,635,280.16
W AU 2551 994,885.16
FUNAN 2551 2,265,282.78
UNIIAN 2552 (2,116,539.95)
AUAWUT 2552 1,843,797.55
YATRGPY 2552 6,337,797.55
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ti' a ti' a da! lﬂ' Q/ 1 =)
$13 1N 3.13 ﬂ'§$L!ﬁNuﬁﬂﬁ%ﬁu“ﬂlﬂﬂﬂlu%'lﬂg‘}JLL‘U‘UN@uuléllﬂ'lﬁiﬁuﬁﬂﬂt’lﬂ'lﬁ%'lm\iu T,C,F

~
1931A3IN15N 2

sourlana1lnd Hmnmnsualuanazay
(typical period) (cumulative cash flow)

ATRGEY 2552 -
SOYRET! 2552 (158,893.31)
WOHNIAY 2552 (1,179,637.39)
Ngueu 2552 (2,886,612.82)
NINYIAY 2552 (1,739,067.42)
GRLRGEY 2552 (972,975.72)
AueeU 2552 (1,609,114.50)
LRV 2552 (3,204,627.56)
AN 2552 (1,928,969.13)
FUNAN 2552 (4,349,078.81)
UNIIAN 2553 (4,695,999.36)
ANAUT 2553 (5.778,100.27)
YTRGHY 2553 (12,208,941.32)
WHI9U 2553 (7,633,598.46)
NOHHMAY 2553 (7,843,204.30)
Nguieu 2553 (12,769,421.00)
NINYIAY 2553 (100,262.73)
Famau 2553 (2,095,935.94)
AU 2553 (3,317,178.64)
Aa1AY 2553 (3,478,432.19)
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] v Y ]
M3 197 3.14 nzudRuaadzaninaduanguuueu lumssmdeten1s91eRku T, C, NF

~
1931A3IN15N 2

sourlana1lnd Hmnmnsualuanazay
(typical period) (cumulative cash flow)

ATRGEY 2552 -
SOYRET! 2552 (67,138.02)
WOHNIAY 2552 (877,941.51)
Ngueu 2552 (2,708,958.68)
NINYIAY 2552 (1,617,375.44)
GRLARGET 2552 (664,472.20)
AU 2552 (1,380,169.53)
LRV 2552 (2,837,438.65)
AN 2552 (1,736,949.70)
FUNAN 2552 (3,835,089.19)
UNIIAN 2553 (4,194,493.57)
ANAUT 2553 (4,830,706.43)
YTRGHY 2553 (10,949,952.45)
WHI9U 2553 (7,127,530.45)
NN 2553 (7,051,690.46)
Nguieu 2553 (12,024,681.53)
NINYIAY 2553 196,006.63
Famau 2553 (1,213,891.79)
AU 2553 (3,199,612.75)
LRV 2553 (3,397,455.77)
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] v Y ]
M3 3.15 nszudRuaadzaninaduangluuueu lumssmdeten1s91e8u NT, C, F

~
1931A3IN15N 2

sourlana1lnd Hmnmnsualuanazay
(typical period) (cumulative cash flow)

Huaw 2552 (67,138.02)
SOYRET! 2552 (810,132.11)
WOHNIAY 2552 (2,640,471.19)
Ngueu 2552 (3,915,643.07)
NINYIAY 2552 (2,392,456.26)
GRLRGEY 2552 (2,528,498.15)
AU 2552 (2,813,530.56)
AaAN 2552 (4,671,176.91)
AN 2552 (3,839,358.68)
FUNAN 2552 (7,158,105.75)
UNIIAN 2553 (7,823,954.74)
ANAUT 2553 (14,564,993.24)
YATRGEY 2553 (17,881,041.65)
WHI9U 2553 (11,994,136.77)
NN 2553 (12,281,672.30)
Uy 2553 (16,612,737.42)
NINYIAY 2553 (1,616,683.21)
Famau 2553 (7,134,571.01)
AU 2553 (3,820,603.61)
Aa1AY 2553 (3,858,809.65)




74

] v Y ]
M350 3.16 nszudRuaaazauinavuIngduuuton lumssauiladen 139wty NT, C, NF

~
1931A3IN15N 2

sourlana1lnd Hmnmnsualuanazay
(typical period) (cumulative cash flow)

Huaw 2552 (67,138.02)
SOYRET! 2552 (810,132.11)
WOHNIAY 2552 (2,640,471.19)
Ngueu 2552 (3,915,643.07)
NINYIAY 2552 (2,392,456.26)
GRLRGEY 2552 (2,528,498.15)
AU 2552 (2,813,530.56)
AaAN 2552 (4,671,176.91)
AN 2552 (3,839,358.68)
FUNAN 2552 (7,158,105.75)
UNIIAN 2553 (7,823,954.74)
ANAUT 2553 (14,564,993.24)
YATRGEY 2553 (17,881,041.65)
WHI9U 2553 (11,994,136.77)
NN 2553 (12,281,672.30)
Uy 2553 (16,612,737.42)
NINYIAY 2553 (1,616,683.21)
Famau 2553 (7,134,571.01)
AU 2553 (3,820,603.61)
Aa1AY 2553 (3,858,809.65)
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] 1 Y 1
MINN 3.17 nszudRuaaazauinayunngluuueu lynmssiwidetenisnedu T, NC, F

~
1931A3IN15N 2

sourlana1lnd Hmnmnsualuanazay
(typical period) (cumulative cash flow)

ATRGEY 2552 -
SOYRET! 2552 (372,989.00)
WOHNIAY 2552 (1,883,594.45)
Ngueu 2552 (3,301,139.14)
NINYIAY 2552 (2,023,015.38)
GRLARGET 2552 (1,695,467.43)
AU 2552 (2,151,204.25)
LRV 2552 (4,069,365.36)
AN 2552 (2,387,217.55)
FUNAN 2552 (5,558,693.03)
UNIIAN 2553 (5,876,587.68)
ANAUT 2553 (7,999,198.15)
YTRGHY 2553 (15,157,199.39)
WHI9U 2553 (8,825,147.34)
NN 2553 (9,700,900.70)
Nguieu 2553 (14,518,085.50)
NINYIAY 2553 (753,645.04)
Famau 2553 (4,120,320.42)
AU 2553 (3,563,823.74)
Aa1AY 2553 (3,639,425.08)
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] v Y ]
M350 3.18 nszudRuaaazauinavuIngduuuton lumssauiladen1soeu T, NC, NF

~
1931A3IN15N 2

sourlana1lnd Hmnmnsualuanazay
(typical period) (cumulative cash flow)

ATRGEY 2552 -
SOYRET! 2552 (67,138.02)
WOHNIAY 2552 (877,941.51)
Ngueu 2552 (2,708,958.68)
NINYIAY 2552 (1,617,375.44)
GRLARGET 2552 (664,472.20)
AU 2552 (1,380,169.53)
LRV 2552 (2,837,438.65)
AN 2552 (1,736,949.70)
FUNAN 2552 (3,835,089.19)
UNIIAN 2553 (4,194,493.57)
ANAUT 2553 (4,830,706.43)
YTRGHY 2553 (10,949,952.45)
WHI9U 2553 (7,127,530.45)
NN 2553 (7,051,690.46)
Nguieu 2553 (12,024,681.53)
NINYIAY 2553 196,006.63
Famau 2553 (1,213,891.79)
AU 2553 (3,199,612.75)
LRV 2553 (3,397,455.77)
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] 1 Y 1
MINN3.19 nszudluaaazauinaruangluuuten lumssauifadenisiieku NT, NC,

F v041A59015% 2

sourlana1lnd Hmnmnsualuanazay
(typical period) (cumulative cash flow)

Huaw 2552 (67,138.02)
SOYRET! 2552 (810,132.11)
WOHNIAY 2552 (2,640,471.19)
Ngueu 2552 (3,915,643.07)
NINYIAY 2552 (2,392,456.26)
GRLRGEY 2552 (2,528,498.15)
AU 2552 (2,813,530.56)
AaAN 2552 (4,671,176.91)
AN 2552 (3,839,358.68)
FUNAN 2552 (7,158,105.75)
UNIIAN 2553 (7,823,954.74)
ANAUT 2553 (14,564,993.24)
YATRGEY 2553 (17,881,041.65)
WHI9U 2553 (11,994,136.77)
NN 2553 (12,281,672.30)
Uy 2553 (16,612,737.42)
NINYIAY 2553 (1,616,683.21)
Famau 2553 (7,134,571.01)
AU 2553 (3,820,603.61)
Aa1AY 2553 (3,858,809.65)
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] ' Y 1
M350 3.20 nszuaRuaaazaninavungUnuuteu lumssawiatemsdiedu NT, NC,

NF v941a59015% 2

sourlana1lnd Hmnmnsualuanazay
(typical period) (cumulative cash flow)

Huaw 2552 (67,138.02)
SOYRET! 2552 (810,132.11)
WOHNIAY 2552 (2,640,471.19)
Ngueu 2552 (3,915,643.07)
NINYIAY 2552 (2,392,456.26)
GRLRGEY 2552 (2,528,498.15)
AU 2552 (2,813,530.56)
AaAN 2552 (4,671,176.91)
AN 2552 (3,839,358.68)
FUNAN 2552 (7,158,105.75)
UNIIAN 2553 (7,823,954.74)
ANAUT 2553 (14,564,993.24)
YATRGEY 2553 (17,881,041.65)
WHI9U 2553 (11,994,136.77)
NN 2553 (12,281,672.30)
Uy 2553 (16,612,737.42)
NINYIAY 2553 (1,616,683.21)
Famau 2553 (7,134,571.01)
AU 2553 (3,820,603.61)
Aa1AY 2553 (3,858,809.65)

a d A
333 msaanziinamsnaassneIsunanei3ea (factorial experiment)

a o dy Jas = . . 2 A J
Q”I‘L!’Jﬁ]ﬂui%ﬂ‘ﬁmi‘ﬂﬂ’d@ﬂuﬂﬂ%@ﬁﬂa (factorial expenment) GN?J’JWQ‘]J?SENFI
3 9

[ = 1 1 [ =2 [ 4 [
Han IUMSANEINANIENUTINTEHINT 90 (Montgomery, 2001) ﬂﬁﬁﬂ']&ﬂﬂdﬂﬁTJIﬂﬂV]’JTﬂEj
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y H 4
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Y
a v A
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]

a [

1 1 [ o = =) A [ o k) '
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=2 A [ 1 [ 2Ha A 1 A I
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MINN 321 UHUNTNAADIN 1 ﬂigllﬁﬂﬁuﬁﬂﬁ%ﬁiJﬁ]TﬂﬂTiduW@ﬂWiﬂﬂ@@ﬂ%Wﬂnﬂﬁﬂ’)ﬂ

NAADIVDI IATINITN 1 LAz 2

Payment

time delay,

Payment components, C

C

NC

Payment frequency, F

Payment frequency, F

T
F NF F NF
(3,086,934.23) (2,603,850.34) (4,214,129.97) (2,603,850.34)
(888,863.03) (496,597.82) (1,804,148.51) (496,597.82)
(4,097,143.73) (3,544,347.28) (5,387,002.13) (3,544,347.28)
-"% (4,076,562.02) (3,489,019.31) (5,452,223.73) (3,489,019.31)
2 (8,383,111.35) (7,560,321.68) (10,347,919.42) (7,560,321.68)
- (5,911,353.08) (4,925,782.85) (8,283,947.04) (4,925,782.85)
(1,000,172.84) (1,722,074.12) 672,560.27 (1,722,074.12)
T 2,832,014.17 1,864,684.32 5,060,563.66 1,863,830.46
(1,179,637.39) (877,941.51) (1,883,594.45) (877,941.51)
(1,609,114.50) (1,380,169.53) (2,151,204.25) (1,380,169.53)
o (4,349,078.81) (3,835,089.19) (5,558,693.03) (3,835,089.19)
-ﬂé (4,695,999.36) (4,194,493.57) (5,876,587.68) (4,194,493.57)
E (5,778,100.27) (4,830,706.43) (7,999,198.15) (4,830,706.43)
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-ﬂé (3,482,233.02) (3,482,233.02) (3,482,233.02) (3,482,233.02)
M 2 (6,892,363.93) (6,892,363.93) (6,892,363.93) (6,892,363.93)
=

(7,230,431.58)

(7,230,431.58)

(7,230,431.58)

(7,230,431.58)




&1

MINN 321 BHUNIINAADIN 1 NILUTRUAATZAVIINNITUHANITNAADININNANUIY

< '
NARDIVOIIATINIGN 1 1ag 2 (919)

Payment components, C
Payment
C NC
time delay,

Payment frequency, F Payment frequency, F

! F NF F NF
(13,751,599.89) | (13,751,599.89) (13,751,599.89) (13,751,599.89)
_ﬂ; (9,768,254.49) (9,768,254.49) (9,768,254.49) (9,768,254.49)
g 1,635,280.16 1,635,280.16 1,635,280.16 1,635,280.16
v—g 6,336,943.69 6,337,797.55 6,336,943.69 6,337,797.55
(13,751,599.89) | (13,751,599.89) (13,751,599.89) (13,751,599.89)
(2,640,471.19) (2,640,471.19) (2,640,471.19) (2,640,471.19)
NT (2,813,530.56) (2,813,530.56) (2,813,530.56) (2,813,530.56)
(7,158,105.75) (7,158,105.75) (7,158,105.75) (7,158,105.75)
1’% (7,823,954.74) (7,823,954.74) (7,823,954.74) (7,823,954.74)
% (14,564,993.24) | (14,564,993.24) (14,564,993.24) (14,564,993.24)
- (11,994,136.77) | (11,994,136.77) (11,994,136.77) (11,994,136.77)
(1,616,683.21) (1,616,683.21) (1,616,683.21) (1,616,683.21)
(3,820,603.61) (3,820,603.61) (3,820,603.61) (3,820,603.61)
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Payment

time delay,

Payment components, C

C

NC

Payment frequency, F

Payment frequency, F

T
F NF F NF
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-"% (3,813,490.85) (4,458,696.82) (2,327,184.73) (4,458,696.82)
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- (2,006,591.79) (2,207,830.44) (1,579,321.34) (2,207,830.44)
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2 (5,778,100.27) (4,830,706.43) (7,999,198.15) (4,830,706.43)
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NT "f% (4,169,443.55) (4,169,443.55) (4,169,443.55) (4,169,443.55)
2 (10,950,255.42) | (10,950,255.42) (10,950,255.42) (10,950,255.42)

=

(1,791,394.84)

(1,791,394.84)

(1,791,394.84)

(1,791,394.84)
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Payment

time delay,

Payment components, C

C
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Payment frequency, F

Payment frequency, F

T
F NF F NF

2,265,282.78 2,265,282.78 2,265,282.78 2,265,282.78
-‘% (2,288,165.81) (2,116,539.95) (2,288,165.81) (2,116,539.95)
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=
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(17,881,041.65)
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Source DF Sum of Squares Mean squares F value Sig.

Model 7 1.902E+14 2.717E+13 1.380 0.220
Error 120 2.362E+15 1.969E+13

Corrected total 127 2.553E+15

T 1 1.757E+14 1.757E+14 8.923 0.003
C 1 1.339E+12 1.339E+12 0.068 0.795
F 1 4.572E+12 4.572E+12 0.232 0.631
T*C 1 1.339E+12 1.339E+12 0.068 0.795
T*F 1 4.570E+12 4.570E+12 0.232 0.631
C*F 1 1.339E+12 1.339E+12 0.068 0.795
T*C*F 1 1.339E+12 1.339E+12 0.068 0.795

{ a o {
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Source DF Sum of Squares Mean squares F value Sig.

Model 7 1.003E+14 1.433E+13 0.525 0.815
Error 120 3.277E+15 2.731E+13

Corrected total 127 3.377E+15

T 1 9.596E+13 9.596E+13 3.514 0.063
C 1 4.180E+11 4.180E+11 0.015 0.902
F 1 1.451E+12 1.451E+12 0.053 0.818
T*C 1 4.180E+11 4.180E+11 0.015 0.902
T*F 1 1.307E+12 1.307E+12 0.048 0.827
C*F 1 3.795E+11 3.795E+11 0.014 0.906
T*C*F 1 3.795E+11 3.795E+11 0.014 0.906
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Abstract

Finance-based scheduling is used as a planning tool for
construction projects in accordance with the contractors’
financial management to ensure that the project cost do
not exceed the credit limit granted by financial institutions.
The scheduling aims to minimize project financing costs,
and consequently maximize the project profit subject to
financial conditions. The principle of this method is to shift
activities back and forth so that total costs that occurred in
each period will not exceed the credit line subject to
activity dependency. Generally, this approach usually use
cash flow forecasting to calculate the difference between

cash outflow derived from total costs that occurred in each

period and cash inflow derived from the total costs plus
desired profits. However, the calculation does not take into
account the actual payment in contractors’ practices. The
project cash flows are inaccurate and result in planned
spending money in the wrong place. This paper studies and
proposes the consideration of the payment conditions
which includes payment time lags, payment components
and payment frequency used in finance-based scheduling.
The study found that cash flows forecasting are required to
comply with practice in real projects named as the
payment flows forecasting. Moreover, this concept can also
be applied to the finance-based scheduling in order to
make the contractor’s financial management accurately.

Keywords: scheduling, project cash flows, project

payments, project planning
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Abstract

This paper aims to investigate the effect on the construction cash flows and to determine a suitable
combined pattern for providing cash flows. They comprise payment time lags considered and not considered
(T, NT), payment components considered and not considered (C, NC), and payment frequency considered
and not considered (F, NF). Supporting this objective, survey data was gathered from two general
construction projects in public sector and the cash flow patterns were simulated with eight combined factors.
The factorial experiment analysis of the data demonstrates that the factor F has a main effect on the cash
flows and the factor T and C has an interactive effect on them significantly at the Ol = 0.10 level. Moreover,
the comparison of financial data shows that the T, C, NF is a suitable combined pattern. These results can be

further useful for improving the solution on finance-based scheduling of construction projects.

Keyword : Payment conditions, Construction projects, Cash flows, Finance, Scheduling
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THE IMPACT OF CONSIDERATION OF PAYMENT CONDITIONS IN
CASH FLOW FORECASTING ON FINANCING COSTS IN
CONSTRUCTION
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Nakon Ratchasima, 30000 Thailand

ABSTRACT

Financing costs have been considered to have effects on profit of business, especially when carrying
out a construction project. The contractors always desire to minimize the financing costs which are
determined basing on factors including the interest rate and penalties accrued on unused portions of
credit limit. The establishment of bank overdraft calculated by forecasting project cash flow has
been used as the method of financing construction projects. Generally, the cost-schedule integration
(CSI) technique has been employed to estimate projects cash flow, but it has still indicated that it
does not reflect reality. The payment conditions comprising payment time lags, frequency, and
components suggested that they should be modeled in cash flow forecasting. However, there has
been no simulation of cash flow forecasting through considering these conditions to examine the
impact on project financing costs. This paper is a result of three experiments comprising the
experiments calculated according to CSI approaches, simulated by varying payment conditions, and
by uniform payment conditions. Data to the simulation was obtained from surveying two projects.
Comparison of financing costs incurred among three experiments was performed. The results
showed that the consideration of the payment conditions in cash flow forecasting of both projects
made a significant difference in financing costs. It made a considerable difference between CSI
models and uneven payment conditions. The difference lies in 95% and 71% of total interest
charges in projects A and B, respectively. This study pointed out the importance of the terms of
payment which may have an impact on forecasting profits and providing overdrafts to financing
cash requirements of projects.

Keywords: Payment conditions, financing cost, cash flow, construction project, cost-schedule
integration (CSI).
1. INTRODUCTION

A crucial procedure for construction contractors is the financing procurement to run a profitable

business. Most general contractors often procure funds from external sources such as financial

* Corresponding author and presenter: Email: d5140060@g.sut.ac.th
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institutions (e.g.banks) for funding the project (Elazouni and Metwally, 2005). The establishment of
bank overdrafts has been one of the widespread methods of financing construction projects (Ahuja,
1976). The cumulative cash flow is calculated by balancing between cash inflows and outflows in
order to determine bank overdrafts. In case of negative balance, financing cost for borrowing from
banks, so called internal interest, would be charged to the project in accordance with corporate
policy or decisions. In addition, fluctuation of cash requirement at any period causes a penalty fee
which is charged by bankers for unused portions on allocated credit. Thus, contractors need to
concern about the project financing costs incurred on cash flow forecasting.

The cost-schedule integration (CSI) technique has extensively been used for estimating the project
cash flow. CSI approaches assume that cash flows realized on a project are a function of the project
schedule (Sears, 1981). In 2002, Chen’s research indicated that the approaches did not reflect reality
in a project environment, he also suggested that payment conditions comprising payment time lags,
frequency, and components need to be included in CSI models to provide sufficient cash flow
models (Chen et al., 2005). However, there has been no simulation of cash flow forecasting
including the extend CSI approaches to examine the impact on project financing costs. Moreover, it
is unclear to what extent simulation of uniform distribution of the payment conditions over the
project time will make a difference from simulation uneven one as well as an impact on financing

costs.

This paper aims to point out the differences between the cash flow forecasting calculated by the
distribution of the terms of payments based on in practice and the cash flow forecasting calculated
by the existing CSI. The study does not cover all factors of the terms of payments, but does study
certain types of payment conditions including payment time lags, frequency, and components
indicated that should be modeled to accurately reflect reality by Chen’s research (2002). In addition,
this study not only indicates the differences in the results of two experiments, but also any further
experiment which is calculated by the uniform distribution of the payment conditions is performed.

2. CONSIDERING PAYMENT CONDITIONS IN CASH FLOW MODELS

Cash flow in this paper is defined as cash flows generated by operating activities since they reflect
the financial health of a business and its value (Barth et al., 2001). Operating cash flows comprise
the inflows and outflows of cash. Cash inflows are the flows of money in the form of progress
payment realized on contractual agreements with project’s owners relating to accomplished works
and project completion. Cash outflows are disbursement payment of costs of project activities as a
function of time. From a modeling perspective, cost flows are defined as forecasts of disbursement
payment flows and have proven to be more difficult to generate than that of cash inflows for
reasons of complexity (Chen, 2002). However, progress payment flows determined by evaluations
of the percentage of total contract completion in the lump sum contract are also difficult to forecast
a receipt from the owner because they depend on the accomplished works specified in contract.

Therefore, this research focuses on considering the payment conditions in both inflows and
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outflows of cash flow forecasting. The following two sections address the formulation of the
modified equations complying with payment conditions for predicting the cash flows and the details
of the payment conditions provided for simulating cash flows forecasting.

Estimating the project cash flows is simplified in order that calculation can be made easily but it
does not consider the terms of payments which have indicated that they have an effect on the
accuracy of cash flow forecasting (Chen 2002). Therefore, the calculation of cash flows needs to be
improved by modifying the Elazouni (2004)’s equations to comply with the payment conditions. In
the initial scheme, the cash flow is still estimated to establish an original overdraft of the project.
The cash inflows and outflows consist of the payment received from the owners and cost loaded
schedule. The model is modified and formulated in cash inflows and outflows by considering the
payment conditions during construction. The formulation also complies with the terminology
employed by (Chen et al., 2011, Elazouni and Gab-Allah, 2004, Au and Hendrickson, 1986). Let
the amount of total direct cost of an activity p performed on any payment date TP, be denoted
by Ypre),; it represents project direct cost disbursement of an activity p. Thus

14
ypy'ph = Z ,Vp,- , P =l,2,...,n (1)

Subjectto:  if es, < TA;_;, then esp =TA;, 1+ 1

TP, =TA +TL )

Where y,; is the direct cost disbursement rate of activity p in day i; es, is early start of activity
p; TA;is time of application submission at any period t; n is number of activities of which
duration overlaps with period t; and TL is time between application submission and payment.

A project total cost disbursements during any period t, which is time between previous time of
application submission TA,_, and present one TA,, and on any payment date TP, is represented
by Erp,. Depending on the progress payment specified in contracts, the amount and timing of
receiving a payment P is decided by accomplishment of works specified in a progress payment f,
which is determined by evaluation of the percentage of contract price CP; at any receiving date

TR is represented by Prg, where

ETE; = zypTPh 3)
p=1
PTR =CPf,f= 1,2, ok (4)

TR =TB +TLR (5)
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Where n, is number of activities of which duration overlaps on payment date TPy,; and k is
number of progress payment specified in the contract; TB is time of billing submitted to the

project’s owner; TLR is time between submitted billing and progress payment.

3. EXPERIMENTATION AND ANALYSIS

Three experiments have been carried out to test the effect of the payment conditions used, in
showing the effects of these factors, on the cash flow forecasting of the projects. The cumulative
cash flows are figured by experiment on two construction projects. These conditions comprising
payment time lags, payment frequency and payment components were gathered by interviewing and
documenting from the projects’ contractors and the projects’ owner.

3.1. Project used for experimentation

Data to support experimentation was gathered on two projects: A and B. The project names have
been assumed from the request of the firms involved. The A project was located in the south of
Thailand and had a contract price of THB74.9 million (~$2.5 million). This project is an
educational building project comprising a six-storey construction of reinforced concrete. The total
project duration was twenty months. The other project, the B project, located in the same region,
had a contract price of THB58.6 million (~$1.95 million). The project is an educational operating
building project comprising five-storey construction of reinforced concrete. The total project
duration was eighteen months. The A project was completed on February, 2009 and the other on
September, 2010.

The two projects are examples of the simulation of the impact of the payment conditions. The
payment conditions to subcontractors and suppliers of each project were gathered by interviewing
from the project’s contractors and the payment conditions for progress payment were collected by
documenting from the projects’ owner. For both projects, certain payments to specialist
subcontractors were lump sum payments for both labor and materials, such as preparation works,
pile works and electrical works, while others paid only for labor wages. Moreover, most materials
costs were directly paid by the main contractors to relating suppliers. The progress payment is
designated as a schedule of values into the terms of the lump sum contracts. The payments based on
actual progress are contingent on a satisfactory completion of pre-specified project activities.
Furthermore, the projects used a typical general contracting arrangement which corresponded with
the four basic types of conditions of general contracting payment processing (Chen, 2002).
Consequently, they can be considered a representative of various other projects globally.

3.2. Simulation of the experiments

In this study, three experiments were set up for each project to demonstrate the differences between
them in terms of financing project. One of the experiments was simulated by calculating the cash
flows forecasting according to the CSI approaches as based experiment. The other experiments are
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simulated by calculating the cash flows forecasting on the different distribution of the payment
conditions using data from the sample projects. The data comprised the project schedule, the contract
price of project and the terms of payments to establish the project cash flows. However, the based
experiment also used these data except the terms of payments. Two experiments related to the terms
of payment were composed of an experiment simulated by the uneven distribution of the payment
conditions and simulated by the uniform distribution of the payment conditions. The former called an
uneven experiment which used data of payment conditions obtained from the survey directly, but the
later called as a uniform experiment which used data of payment conditions simplified by matching
the terms of payment to activities evenly. The payment conditions used for simulation of these
experiments were illustrated in Table 1. Simulating the uneven experiment is a representative of a
situation in which contractors have quite adequate information of payment condition for forecasting
cash flow required accuracy similar in practice, but the uniform experiment is simulated to represent a
situation in which contractors do not have data of the terms of payment and want to forecast a related
cash flow approximately. Consequently, three experiments are provided for comparison with the
maximum cumulative cash flow of each period between them.

Under the procedure for simulating, the foundation of cost schedule integration was used for
distributing the cost of a project over time. Based on this, the cost loaded schedule then generated a
cost flow projection from the data of the sample projects. The payment progress specified in contracts
was used for determining the cost of the activities. The cash inflows and outflows (cost flow) were
forecasted for three experiments. But the uneven and uniform experiments required an additional step
concerned with the payment conditions. The cash outflows were done by projecting the cost as a
function of their usage time and the terms of payments. For all activities, the payment to the percent

Table 1: The payment conditions used for simulation

Project Experiment Firms Billing date Time lags Frequency Type of payroll
of month
A Uneven Owner After completion Contracts Contracts Contracts
Sub.1 15th and 30th 5 days Twice Labor& Material
Sub.2 15th and 30th 5 days Twice Labor
Sup.1 30th 30 days Once Material
Sup.2 30th 60 days Once Material
Sup.3 15th and 30th 60 days Twice Material
Uniform  Owner After completion Contracts Contracts Contracts
Sub.1 15th and 30th 5 days Twice Labor
Sup.1 15th and 30th 30 days Twice Material
B Uneven Owner After completion Contracts Contracts Contracts
Sub.1 15th and 30th 5 days Twice Labor& Material
Sub.2 15th and 30th 5 days Twice Labor
Sub.3 Ist 7 days Once Labor& Material
Sup.1 5th 25 days Once Material
Sup.2 Sth 40 days Once Material
Uniform  Owner After completion Contracts Contracts Contracts
Sub.1 15th and 30th 5 days Twice Labor
Sup.1 15th and 30th 30 days Twice Material
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Figure 1: Cash balance plotted on simulation of the experiments at each period.

of each activity cost, respectively. The data of subcontractors and suppliers were allocated to the
project activities by mapping the activity to its supply chains. The supply chains were categorized
into three groups; subcontractors committed to both labor and material, subcontractors committed
only to labor, and suppliers committed to materials. Mapping all categories to the project activity
was used for the experiments considering the payment conditions, except in the case of uniform
experiment which do not use the first group, as detail shown in Table 1.

To demonstrate the difference between the experiments in terms of the financing project, Figures
1(a) and 1(b) illustrate the results from simulation of cash flows forecasting calculated according to
three models in the project A and B, respectively. The graphs show plotting of cumulative balance
of each experiment at any period. Consequently, the results are analyzed in the following section.

4. ANALYZING THE IMPACT ON PROJECT FINANCING

In this study, the project financing costs were calculated according to equations in the Elazouni
(2004)’s research. They comprised total penalty fees for unused portions on allocated credit limit,
total interest charges, and consequently overall financing costs. Figures 2(a) and 2(b) show the
summary of financing costs incurred on each experiment of project A and B, respectively. The
following section discusses the important impact of consideration of payment conditions in cash
flow forecasting on the financing cost with explanations of differences between the three
experiments.

As can be seen from Figure 2(a), the case of project A, the chart shows that there are differences of
financing costs among the experiments. In comparison with the total penalty fees for unused
portions on credit limit, the uneven and uniform experiments are very different from the based
models which are lower by 42% and 60%, respectively. Besides, the uneven experiment is rather
different from uniform experiment which is higher by 31%. The other comparison of total interest

charges, it also shows that the uneven and uniform experiments are vastly different from the based

models which are lower by up to 93% and 95%, respectively. Moreover, the uneven
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Figure 2: Summary of financing costs incurred on the experiments.

experiment is rather different from uniform experiment which is higher by 42%. Finally, overall
financing costs incurred of three models are compared. It shows that uneven and uniform
experiments are very different from the based models which they are lower by up to 80% and 83%,
respectively, while the uneven experiment is slightly different from the uniform experiment which
is higher by only 19%.

The results of project B as shown in Figure 2(b), in comparison with the total penalty fees for
unused portions on credit limit, the uniform experiment seems very different from the based models
which is lower by 44%, but the even experiment appears rather different from based models which
is lower by 28%. Besides, the uneven experiment is slightly different from uniform experiment
which it is higher by only 21%. The other comparison of total interest charges, it also shows that the
uniform experiment seems clearly different from the based models which is lower by up to 70%,
but the other appears rather different from based models which is lower by only 32%. In addition,
the uneven experiment is markedly different from the uniform experiment which is higher by 57%.
Finally, in comparison of overall financing costs, it also shows that the uniform experiment is
distinctly different from the based models which is lower by 61% while the other is rather different
from the based models which is lower by 31%. And the uneven experiment is also rather different

from the uniform experiment which is higher by 44%.

In brief, the results showed that the differences in financing costs between the experiments of two
projects were accounted for in the same direction. In addition, it can be noted that the proportion of
the differences in project B is lower than that of project A, and the uniform experiment is lowest in
the experimentation. This could be caused by the varied supply chains which were mapped onto
activities of each project and caused by a different number of progress payments which were
determined as cash inflows in an estimation of the project cash flow. Thus, it can also indicate that
the differences in considering these aspects can make a vast difference in financing costs, such as
the total interest charges in project A which made the biggest difference of 95% from the based or

CSI models as shown in Figures 2(a) and 2(b).
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Results of the experiments indicated that the consideration of the payment conditions in cash flow
forecasting has shown the effects of the different changes on project financing costs. The impact
examined on the projects depended upon the mapping of the payment conditions in project’s
activities, such as mapping the components which vary with time lags in project A, it caused the
marked effect which was more than the one in project B, and consequently the vast difference in
project A. It also corresponded with the earlier study (Chen et al., 2005) which argued that having
different payment components should only affect cash flows when time lags vary between

components.

5. CONCLUSION

This paper was written based on the simulation of three experiments to examine the impact of the
payment conditions on financing costs incurred from estimating project cash flows. The results of
both projects indicated that the payment conditions have the most impact on financing costs when
they are distributed uniformly to project activities. Although the results show the lowest financing
costs which would be beneficial to reduce project indirect cost, cash flow predictions are likely to
remain inaccurate in practice. Thus, the accuracy of cash flow forecasting depends on the data of
payment conditions which may have an impact on forecasting profits and providing overdrafts to

financing cash requirements of projects.
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Abstract

Finance-based scheduling approaches have been proposed in the literature to produce financially executable schedules in
construction projects. Although some research has reported the importance of considering the time interval between subcontractors’
requests for payment and the actual disbursements on the cash flow calculation, which affects the accuracy of cash flow analysis,
none of literature has considered the subcontractor payment time delay to help resolve the cash available limitation problems in the
finance-based scheduling model. This paper modified the existing finance-based scheduling models to account for varying contractor-to-
subcontractor payment arrangements (Billing Date: BD and Payment Time Delay: PTD) for individual work packages. The proposed
method was validated using a five-activity project and was compared with the solution of the traditional method. The comparison of
the results showed considerable differences of the financial performance of the proposed method. Finally, the sensitivity analysis was
used to investigate the effect of two factors (BD and PTD) on the projected maximum overdrafts and financing costs. The analysis
showed that shifting the BD toward the end of period increased the project finances but that extending the PTD decreased the project
finances when the project period elapsed. Thus, the modified model enables managers to produce fewer project overdrafs and lower
financing costs. In addition, the analysis demonstrates the usefulness of properly arranging subcontractor payments to meet the

financial constraints of the contractor.

Keywords: finance-based scheduling, billing date, payment time delay, financing cost, project overdrafis

1. Introduction

For project financing, cash is a resource that is available only
in limited amounts, particularly when bankers impose limits on
the credit allocated to contractors’ overdrafts. Most general
contractors often procure funds from external sources, such as
financial institutions (e.g. banks), to finance their projects
(Elazouni and Metwally, 2005). Establishing bank overdrafts is
one of the widespread methods used to finance construction
projects (Ahuja, 1976), and it represents a loan as a credit line. If
bank overdrafts are obtained for much more than the required
expenditures, the contractors incur excessive charges for the
interest rate and penalties accrued as portions of the credit.
However, if the overdrafts are not sufficient, the contractors may
suffer a shortage of cash during construction. Thus, contractors
must establish a bank overdraft that reflects the project financing
costs.

The concept of the Finance-based Scheduling Method (FBS)
was pioneered by Elazouni and Gab-Allah (2004). They proposed
the method for solving the constrained cash available scheduling
problem. This method produces financially executable schedules

that balance the project expenditures at any period with the
availability of cash during the same time. The objective of the
method is to devise schedules that minimize financing costs to
maximize the project profit under a specified credit limit. In
addition, the scheduling provides project schedules that ensure
that cash is procured sufficiently and timely to execute construction
operations.

Several studies have used this technique to develop optimization
models for solving scheduling problems under financing restrictions
using various methods (Elazouni and Metwlley, 2005, 2007; Liu
and Wang, 2008; Afshar and Fathi, 2009; Lam and Gao, 2009;
Liu and Wang, 2009; Ali and Elazouni, 2009; Elazouni, 2009;
Liu and Wang, 2010; Fathi and Afshar, 2010; Abido and
Elazouni, 2011; Hou et al., 2012; Alghazi et al., 2012). These
studies have focused on the optimization model to improve the
solution methods. Generally, the calculation of cash flow in the
traditional FBS model is simplified by calculating the project
cost incurred and the disbursement occurring at the end of each
period. However, this is not accurate in practice. The project cost
and disbursement during construction can be generated at any
time in the project life, depending on the negotiations between
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the contractor and subcontractors for payment conditions.

In practice, the contractors’ expenses during construction are
generated from utilizing resources, such as activity requirements
and implementation time, and relevant cash flow, which is
scheduled in the construction project (Liu and Wang, 2008). The
amount of the expenditure draws depends on receiving the
invoices from subcontractors to claim their work completed and
in progress on the date that is determined by the contractor as the
Billing Date (BD). In addition, the disbursement due to the
subcontractors is determined on a Payment Date (PD) that is
delayed from the BD. The delay between the BD and the PD isa
time interval called the Payment Time Delay (PTD). Ahuja and
Walsh (1983) propose that there are delays between the date of
costs incurred and the date of payment due. These terms are of
great importance to the contractor for maintaining the cash flow.
Various studies have reported the importance of considering the
time interval between the BD and the PTD in cash flow
calculations (Navon, 1995, 1996; Jackson and Gilliam, 1999).
However, the simplified calculation of project cash flow in the
traditional FBS model does not correspond to the actual
environment of a construction project. Thus, the contractors
must also consider these payment conditions to establish their
actual project overdrafts.

Hegazy (2002) introduced a deterministic cash flow calculation
method that accounts for project financing options that include
the time period, retainage, overdraft, sub-contractors’® credit,
advanced payment, interest, and markup. The financing method
is based on a cash flow model that assumes that the billing time
(e.g., invoice is submitted every period) and payment time are
different (e.g., payment of invoices is delayed one period). In
addition, Hegazy’s deterministic model was extended to a
stochastic model (Lee ef al., 2012) to compute the cash flow over
a specific time, considering various contract terms established by
the project financing participants. Although these studies considered
the billing time and payment time in the cash flow calculation,
the subcontractors’ payment terms are simplified by assuming
that the invoice is submitted every period and that the payment of
the invoice is delayed one period. This is not true in practice;
contractor-to-subcontractor payment arrangement is determined
at any time based on negotiation between the contractor and
subcontractors in the project scheduling.

Chen er al. (2005) investigated subcontractor payment terms
such as payment time lag, frequency, and components of project
cash flows. They assessed the cash flow model accuracy and
concluded that these payment conditions affect the accuracy of
the cash flow analysis and should not be ignored. The study
demonstrated the importance of considering these factors, but no
efforts in the literature take these factors into account when
performing finance-based scheduling. However, the FBS model
requires an accurate cash flow analysis that considers the total
amounts and timing of the in and out cash flows. These timings
depend on the terms that are traditionally prescribed in the
contract between an owner and a contractor, in addition to the
credit arrangement negotiated between the contractor and the
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subcontractors. Therefore, this paper presents a modified finance-
based scheduling model by concurrently relating the project cost
incurred to a given Billing Date (BD) and relating the disbursement
to the Payment Date (PD) corresponding to a Payment Time
Delay (PTD). The proposed method modifies the FBS model to
provide a more accurate model.

2. Modifying the Finance-Based Scheduling Prob-
lem

Estimating project cash flow in the traditional FBS model is
simplified to make the calculation easy. The model assumes that
the costs incurred occur at the end of the period and that
disbursements occur at the end of the same period. This implies
that the billing date is at the end of every period and that there is
no payment time delay. In practice, the amount of the expenditure is
drawn from receiving the invoices from subcontractors to claim
their work completed in progress on a billing date, and the
payment time is on a date delayed from the billing date that can
occur at any time depending on the negotiations between the
contractor and subcontractors. The proposed method is a Modified
Finance-based Scheduling (MFBS) method that is performed by
concurrently relating the project cost incurred to a given Billing
Date (BD) and the disbursement to the Payment Date (PD)
corresponding to a Payment Time Delay (PTD).

The following two sections describe the contractor-to-subcon-
tractor payment, including BD, PD, and PTD, in the FBS problem
and develop the formulas of the modified FBS model.

2.1 Representing Contractor-to-Subcontractor Payment in
FBS

In this study, the conditions of subcontractor payment are
primarily composed of the billing date BD and the payment time
delay PTD. These factors are imposed on the activities such that
the incurred cost can be estimated, and the cash outflows can be
projected according to these conditions. The conceptual scheme,
as shown in Fig. 1, is fundamentally a bar chart that depicts a
five-activity project against time. The project duration 7 of the
CPM schedule is the total number of working days, and 7 denotes
a typical project period. The solid bars represent the activities in
the project critical path, and the bars encompassed by a dashed-
line after each activity are the total float in which the activity can
be shifted without extending the project duration. Fig. 1 shows
the occurrences of contractor-to-subcontractor payment assuming
that Subcontractor Submission (SS) occurs on a BD that is
imposed upon the contractor within a typical project period .
This billing date is denoted SSpp. The subcontractors then
receive (SR) payment on the day afier submitting plus the PTD;
therefore, the receipt is obtained on the payment date PD =BD +
PTD, which is represented by SRpp.

The billing period bp is the time between the previous billing
date BD,,, and the current billing date BD,,, and does not include
the first and last periods of the project. The billing period
commences at the project start for the first billing period and
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(BDpp-1) (BDy,)

|
|

First billing | Last billing
period _: Billing period period

submnlrnr:rmsuhmir. Snbtumnémr submit,
SSap $Sup

¥ SN R
ulg 1T 'r"*

Subcontractor receive, Subcontractor receive,

Time
L

i SRep SBpp
: Payment time delay, PTD: | Payment time delay, PTD |

Payment date, P
(BD+ PTD)

Payment date, PD?
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Fig. 1. Schematic Diagram of the Variables used in the Proposed
FBS Model

elapses at the end of the project for the last billing period, as
shown in Fig. 1. During the billing period, the disbursements of
all activities whose durations overlap the billing period are
performed. For example, in Fig. 1, there are two activities performed
in the first billing period in which the expenditures are estimated
from the project start, there are four activities performed within the
typical billing period in which the expenditures are incurred
between BD,,., and BD,,, and there are two activities performed
in the last billing period in which the expenditures are calculated
through the end of the project.

The billing period is used only to determine the amount of
payment for the disbursements of all activities in the period.
However, the timing used for forecasting the project cash
outflows and inflows is the end of the typical project period r.

2.2 Mcdified FBS Model

The equations in this section are modifications of Elazouni and
Gab-Allah (2004) and conform with the financial terminology
used by Au and Hendrickson (1986). The following subsections
describe the equations used to calculate the payment amount in
any billing period, the project cash inflow and outflow for a
typical project period, and the cash requirement, considering the
contractor-to-subcontractor payment, Billing Date BD and Payment
Time Delay PTD.

2.2.1 Amount of Payment
The disbursement of an activity p performed on any billing
date BD is represented by y,z:

BD,

Yosp = ZF:;’Pyp,; es,2BD,, | and ef,2BD,, (€)]
ef,

Vpsp = ij”mpyp,; es,2BD,, , and ef,<BD,, ?2)
o

Vpap = ZI:BD@?J’F"’ es,<BD,,_, and ef,<BD,, 3)

Vol. 00, No. 0 /000 0000

Case 1

Case 2

Case 3

Case 4

Fig. 2. Determining the Disbursement of an Activity Performed
during a Billing Period

BD,
Vopgn = Zi:;‘b»dyp,; es,<BD,,_, and ef,2BD,, )

where ), is the disbursement rate of an activity p per day on day
i, including the overhead; es, is the early start date of an activity
P ef, is the early finish date of an activity p; BD,, is the billing
date BD of any typical billing period bp; and BD,,, is the
previous billing date BD of any typical billing period bp. BDy,,
will have one more day added when es, is less than or equal to
BDy, ..

There are four cases for determining the amount of disbursement
during any billing period in the typical billing period bp, as
shown in Fig. 2. First, in the case where the value of the early
start date of the activity es,, is greater than or equal to the value of
the previous billing date BDj,.,, and the early finish date of the
activity ef, is greater than or equal to the value of the current
billing period BD,,, the amount of disbursement at the current
billing period BD,, is calculated from the es, to the BD,,.
Similarly, in the second case, the amount of disbursement is
calculated starting from the es, but ends at ef, because the value
of the ef,, is less than the BDy,. Eqs. (1) and (2) are used in cases 1
and 2, respectively. In the case where the value of es), is less than
the value of BDj,.,, as shown in the two last cases in Fig. 2, the
calculation starts at BD,,.; and adds one more day to the value in
both cases. The calculation then ends at ef, in case 3 and at BD,,
in case 4, as in Egs. (3) and (4), respectively.

2.2.2 Cash Inflow and Outflow

The disbursement of each activity performed during any
billing period is used to calculate the total disbursement y at
payment date PD, which is represented by yp):

Yep = Z:‘Z WVpBD (5)

where n,, is the number of activities whose duration overlaps
within a typical billing period bp.

The timing of paying the disbursement of all activities performed
during any billing period to subcontractors is at payment date
PD, where PD is the payment date derived from the time of
submitting a request at the billing date BD plus the payment time
delay PTD:

PD=BD+PTD ©)

The project cash outflow and inflow are estimated at the end of
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any typical period 7. The cash outflow CO during a typical
project period ¢ is represented by CO;; the corresponding cash
inflow CI is obtained at the end of the same period ¢ and is
represented by C1,;

CO,=ypp; t—1<PD<t @
CL=K-CO, (1-R) ®)

where K is a multiplier used to calculate the amount of the
receipt from the owner and R is a retainage rate deducted from
the owner.

2.2.3 Cash Requirement

The cumulative cash flow as of period ¢ (for 7 > 1), which is
derived by balancing the net cumulative cash flow for the
previous period NCF,, and the cash outflow incurred in the
current period 7, is represented by CF,, where

CF,=NCF,_,-CO, ©)

In addition, the assumptions for calculating the project financing
cost are based on paying the interest charges due at the end of
each period. Thus, the total interest charges at the end of a typical
project period ¢ are represented by IC,, where
COAJ

1C,= IR- (NCF,_,f—

> (10)

In Eq. (10), there are two components: the first component is a
charge incurred from the net cumulative balance, and the second
component is the financing cost incurred from the cash outflow,
which is calculated approximately. /R is the interest rate per
period. Eq. (10) is only used if NCF,, is negative.

If the net cumulative balance of the previous period NCF,, is
positive and can completely cover the amount of CO,, Eq. (11) is
used; otherwise, the financing cost incurred is the remaining
amount of money in excess of the NCF,,, as in Eq. (12).

IC,=0,if NCF, ,-C0,20 (1)

1c,= Ir. [NCF,,ZI—CO,J

,if NCF,_,>0 and NCF, ,—CO,<0
12
Accordingly, the cumulative cash flow, including the financing
costs, is CF’,, where

CF',=CF,+IC, (13)

The net cumulative balance NCF at the end of period ¢, after
receiving a cash inflow CI, is represented by NCF;:

NCF,= CF'+ClI, (14)

Disbursemen raie /day

Earhy ' Earby
start L finkh
Activitly
D
¥E|
Late LLi Late
start finksh
D =Duntion
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TF = Total foat
-1 BD=4 BD 4
a T T T 52.2000day
B 53,300y |
< I 4062y
» — 1 : s2.200:0ay
® s34 55, M 5330043y g5,
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4 T t f
° 5 1‘ SRy it 1' SRy 15 TIN.:
o=z PID -2 PO -2

(b
Fig. 3. Example Project: (a) CPM Network Indicating Activity
Expenditures, (b) Bar Chart Schedule

3. Applying the Proposed Method

To illustrate the proposed modified FBS method, a small
example project used in prior research (Elazouni and Gab-Allah,
2004) is adopted. A CPM project network that includes five
activities (A, B, C, D and E) is shown in Fig. 3(a), which is a bar
chart that plots the project activities over time, as shown in Fig.
3(b). The early and late start schedules are calculated according
to the CPM technique, which has an 11-day project duration. A
calendar week of 5 working days requires two full periods and 1
working day in the third period, as shown in Fig. 3(b).

For financial data, the disbursement rate per day, including the
project indirect costs, is shown above each activity on the CPM
network and is shown in solid bars on the schedule. The markup
of the project was 20% of the expenditure of work accomplished
during a given period (K = 0.20). The payment from the owner
was made one week after billing, with 10% deducted for a
retainage (R = 0.10), 50% of which is paid at the end of the last
period and the rest after the period, with no advance payment. A
borrowing interest rate of 0.3% per week was considered (IR =
0.003).

The contractor-to-subcontractor payment conditions, which
includes a billing date BD and a payment time delay PTD, were
assigned to each activity. For each activity, the fourth day of a
period was considered the billing date (BD =4), and the contractor
paid the subcontractors within two days after submitting (PTD =2).

Table 1. Subcontractor’'s Submitting and Receiving Schedule

Period Started Date of the Billing Date Payment Time Delay Payment Date Submitted on Date | Received on Date
® Period (BD) (PTD) (PD) (SSup) (SRup)
1 0 4 2 6 4 6
2 5 4 2 6 9 11
3 10 4 2 6 14 16
—-4- KSCE Journal of Civil Engineering
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Table 2. Amount of Disbursement of Each Activity on the Billing

Date, in Dollars ($)

Table 3. Cash Outflow and Inflow of the Example Project at the
End of Each Period, in Dollars ($)

. Amount of Disbursement on Submitting End of Amount of Cash Amount of Cash
Activity Bl“(lggD 1)3319 Date ($), ¥ Period (1) Outflow (CO,) Inflow (CI)
SS, SS, SS. 1 0 0
A 4 8.800 4.400 0 2 25,300 36.828
B 4 9.900 0 0 3 35,200 36,102
C 4 4,400 22,000 0 4 6,600 7.590
D 4 2,200 8.800 0
E 4 [1} [1} 6,600 Table 4. Cash Balance of the Example Project at the End of Each
Total disbursement ($), 25.300 35200 6.600 Period, in Pollam %) i i .
' End of Cumulative | Net Cumula- | Financing Cumulative
Period Balance tive Balance Cost Balance after
() (CF) (NCF) {cy ICt(CFY)
1 0 0 0 0
Table 1 shows the date of the submitting and receiving schedules 2 (-25,300) 11,490 (-38) (-25.338)
associated with the BD, PTD and PD; the subcontractor submits 3 (-23,710) 12,357 (-36) (-23,746)
on SS,, SS, and SS,, and receives on SR, SR,, and SR, as 4 5.757 13.347 0 5.757

shown in the last two columns and in Fig. 3(b).

Table 2 shows the disbursement amount of each activity
calculated using Eqgs. (1)-(4) on the project billing date, including
SS,, SSy and SS,,. There are different cases for calculating the
activities’ disbursement, depending on their durations in the
given billing period. For example, on the first billing date,
activity A, whose early start commences on day 1, has a value
less than the billing date (BD = 4); thus, Eq. (1) is considered.
The calculation results in $8,800, as shown in the SS, column in
Table 2. In addition, the total disbursements on the project billing
date were calculated using Eq. (5). They were derived from the
sum of all activities” disbursements overlapping the billing period.
For example, on the billing date SS,, there are two activities,
activity A and B, whose durations overlap in the billing period.
Consequently, the total disbursement at SS, was calculated as
shown at the bottom of Table 2, as are the total amounts at SS,
and SS,;.

The values of the total disbursements at SS., SS, and SS,, are
projected into the disbursements on the payment date that is
delayed for two days (PTD = 2); thus, the subcontractor will
receive the receipts on SR;, SR;, and SR, respectively. The
values of the receipts are calculated using Eq. (6). However,
these values are the same as the total disbursements on the billing
date.

The project cash flow was then calculated using Eqs. (7) and
(8). The cash outflow and inflow are incurred at the end of the
typical project period z. The cash outflow is the value of the total
disbursement on the payment date, which occurs in period #. For
the example project in Table 3, the amount of cash outflow at the
end of the first period (t = 5) was equal to zero because there
were no contractor’s payment dates in the period. The amounts
of the cash outflow at the end of second, third and fourth periods
(t=10, 15, 20) were $25,300, $35,200, and $6,600, respectively.
These values were derived from the total disbursement on the
payment dates because the subcontractor’s receipt occurred on
SR, SR, and SR,. The values of the cash inflow were calculated
by multiplying the cash outflow incurred in any period by the

Vol. 00, No. 0/ 000 0000

mark up (K = 0.20) and then deducting the retainage rate (R =
0.10). The values of the cash outflow and inflow are shown in
Table 3.

Table 4 shows the cash balance at the end of each period ¢ that
was calculated using Egs. (9)-(14). The values of the cumulative
cash flow at the end of each period CF, were derived by
balancing the net cumulative cash flow of the previous period
NCF,, and the cash outflow incurred in the current period CO,.
For example, in the first period of the project, there was neither a
previous cash balance nor cash outflow; thus, there was no
cumulative balance in the first period (CF,-, = 0), as shown in
Table 4. The interest would then be charged at the end of each
period IC, as the financing cost. For the example project, the
financing cost was only charged at the end of the second and
third periods, as shown in the third column of Table 4. This
occurs because the cumulative balances at the end of both
periods are negative. Consequently, the total cumulative cash
flow, including the financing costs at the end of each period
CF’,, was calculated using Eq. (13). The net cumulative cash
flow at the end of each period was then calculated by balancing
the cumulative cash flow and the cash inflow of the same period.
The values of the net cumulative balance were all positive,
indicating that the cash inflow was greater than the cumulative
balance in all periods. The project shows that the maximum cash
required is $25,338 at the end of the second period (CF”,.,).

4. Comparing the Proposed Method with the Tra-
ditional FBS Model

The previous section described the application of the proposed
method to an example project adopted from prior research
(Elazouni and Gab-Allah, 2004). In this section, the same project
and the three other schedules are used for comparison. The
objective of the comparison is to verify the accuracy of the
proposed concept and examine the efficiency of the method in
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Table 5. Activities’ Start and Finish for the Four Example Schedules
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L. Duration Schedule 1 Schedule 2 Schedule 3 Schedule 4
Activity : — — — —
(day) Start Finish Start Finish Start Finish Start Finish
A 6 0 6 0 6 0 6 0 6
B 3 0 3 1 4 2 5 2 5
C 6 3 9 5 11 6 12 8 14
D 5 3 8 8 13 9 14 11 16
E 2 9 11 11 13 12 14 14 16
Project duration 11 13 14 16
Table 6. Comparison between the Proposed Method and Elazouni’s Research for Each Schedule
Cumulative Cash Flow after Interest Charged (¥C") in Dollars ($)
End of Schedule 1 Schedule 2 Schedule 3 Schedule 4
Period Elazouni MFBS Elazouni MFBS Elazouni MFBS Elazouni MFBS
(BD=5, (BD=4, (BD=5, (BD=4, (BD=35, (BD=4, (BD=5, (BD=4,
PTD=0) PITD=2) PTD =0) PTD=2) PTD =0) PTD =2) PTD=0) PTD=2)
1 (-34,151) 0 (-20,931) 0 (-20,931) 0 (-20,931) 0
2 (-63,998) (-25,338) (-49,637) (-18,728) (-43,027) (-15,423) (-32,011) (-15,423)
3 (-30,557) (-23.746) (-44.773) (-20.387) (-44.753) (-13,772) (-39,211) (-4.959)
4 1,524 5,757 (-13.926) (-9.691) (-21,056) (-20,843) (-32,922) (-21,711)
5 - - - 13,339 - 9.313 (-848) 3,381
6 - - - - - 13,333 - 13,337
Max. FC', (-63,998) (-25,338) (-49,637) (-20,387) (-44,753) (-20,843) (-39,211) (-21,711)
Comments Considerable difference Considerable difference Considerable difference Considerable difference

project scheduling for financial decisions made under cash
available constraints. To verify the accuracy, four schedules for
the five-activity project with different start dates for each activity
are provided. Table 5 shows the activities” start and the finish
dates of schedules 1, 2, 3 and 4, as well as the project’s duration
calculated according to the CPM method, which indicates that
the completion date is 11, 13, 14, and 16, respectively.

To examine the performance, the results obtained from the
Modified Finance-based Scheduling (MFBS) were compared
with those of the four schedules in the literature (Elazouni and
Gab-Allah, 2004). Although there is no direct designation of the
contractor-to-subcontractor payment in Elazouni’s model, the
billing date and payment date are assumed to occur at the end of
the same period. Thus, the fifth day for the billing date (BD = 5)
and no payment time delay (PTD = 0) were considered in
Elazouni’s model. The contractor-to-subcontractor payment
conditions were considered to be the fourth day for the project
billing date (BD = 4) and two days for the payment time delay
(PTD = 2) in the MFBS. The cumulative balance at the end of
each period, according to the allocation of the payment
conditions, was then calculated. Table 6 shows the cumulative
cash flow after interest is charged at the end of each period
(CF’,) and the maximum cumulative cash flow, including the
financing cost, used as the project’s overdraft.

For the example schedules, the comparison of results in Table
6 shows considerable differences in the financial performance of
the proposed MFBS method. The results obtained using the
MEFBS are superior in the terms of project finance because they
result in smaller maximum cash requirements for all schedules
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(Max. FC%). This superiority of the results is established by
accounting for the contractor-to-subcontractor payment conditions
involved in the disbursement of the activities. In addition, the
results are consistent with the literature (Chen ef al., 2005),
which concluded that the billing date and the payment time delay
affect the accuracy of the cash flow analysis and should not be
ignored. However, considering the billing date and the payment
time delay in the cash outflow forecasting not only indicated the
differences in the results but also offered a quality solution for
financial decisions in project scheduling that may be different
than the solution obtained from the traditional method.

5. Analyzing Payment Conditions Sensitivity

As previously noted, the results of the proposed MFBS method
verified the accuracy of the concept and showed the good
performance of the quality solution to benefit the financial
decisions in the project. However, the results obtained from the
proposed method were influenced by allocating BD and PTD as
deterministic variables. In practice, a contractor can negotiate
with subcontractors to determine both payment conditions in
mutual agreement. Varying the BD and PTD variables to investigate
the impact on changes in project finance is an effective alternative.
This research, therefore, uses a sensitivity analysis method to
study the relationships between the variation of the variables
comprising BD and PTD and the project financial issues,
including maximum overdrafts and financing costs. The same
four schedules that were used in the previous section are
considered the experimental cases to demonstrate the sensitivity
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analysis.

For each experimental case, the input variables were varied
from day 1 to 5 of the period for the BD variable and from no-
delay to the end of the next period for the PTD variable. Figs. 4
and 5 show the effect on the maximum overdraft and the
financing cost of schedule 1 caused by PTD. The graph indicates
the variation of BD from 1 to 5. There are two basic trends:
constant and downward. There are sharp decreases at a value of
the PTD for all cases of variation of BD. For example, in the case
of billing date on day 1 of the period (BD = 1), the value is
constant between no delay and the four-day delay (PTD = 0 to 4),
with a value of $42,981. After the four-day delay, the value drops
quickly to $6,089. Between the five-day delay and the nine-day
delay (PTD = 5 to 9), the value is constant at $6,089. At the ten-
day delay, the value declines to zero. After this point, there are no
values for the maximum overdrafts in the project. The values
decrease when the Payment Date (PD) is due in the next period ¢
(PD > 1), for example, a payment that is due on day 6 (BD = 1,
PTD = 5) has more value than the 7 period (# = 5), and its value

Maximum Overdraft (x $1,000)
8508888088888 0385888335385883

20
10
0 1 " L " L " L " "
0 2 4 6 8 10 12
Payment time delay (PTD)
Fig. 4. Maximum Overdrafts Values with the Variation of Variables
in Schedule 1

Vol. 00, No. 0 /000 0000

will drop to $6,089, as shown at the bottom of Fig. 4. This occurs
because extending the payment time delay until the end of each
period passes reduces the occurring cash outflow and thus
diminishes the negative cumulative cash flow at the end of
period ¢, which eventually falls to zero when the payment time
delay is sufficiently long that the cash inflow can cover it.
However, as in the other cases of variation of the BD values,
extending the payment time delay decreases the maximum
overdrafts for the same reason explained above. Prolonging the
payment time delay also decreases the value of the project
financing cost because decreasing the negative cumulative cash
flow reduces the charges incurred by borrowing money from the
bank at the end of each period and eventually decreases the
financing cost, as presented in Fig. 5. It may benefit the
contractors to delay payment as far as possible to reduce their
project cost, but it is difficult to negotiate with the subcontractors
for a long delay in the payment due in the real-life projects.
Considering the case of variation of the Billing Date (BD), Fig.
4 shows that the maximum overdrafts increases as the BD shifts
from day 1 to 5 for all extending payment time delays. For

Financing cost (x $1,000)

L 1 L Il i n L n
0 2 4 B 8 10 12
Payment time delay (PTD)
Fig. 5. Financing Costs Values with the Variation of Variables in
Schedule 1
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example, at no payment time delay (PTD = 0), the maximum
overdrafts are $42,981, $49.607, $56,234, $60,667, and $63,998
with shifting BD from day 1, 2, 3, 4, and 5, respectively. This
occurs because shifting the BD increases the cash outflows that
are gradually accumulated and increases the negative cumulative
cash flow at the end of each period, which then increases the
maximum overdrafts. The financing cost also increases as BD
shifts from day 1 to 5 for all payment time delays, as shown in
Fig. 5. This occurs because increasing financing costs correspond
to an increase of the cash requirement. Moreover, the proportional
reduction of the maximum overdrafts and financing costs
changes as the shifting of the BD extends PTD past the end of
period 7.

To highlight the differences, Figs. 6 and 7 show the percentage
of the reduction of the maximum overdrafts and the financing
costs due to prolonging the PTD past the end of period ¢ in all
experimental cases (schedule 1, 2, 3, and 4) at any shifting BD,
respectively. As observed from the chart in Fig. 6, there are the
major downward trends in which the values decrease as the BD
increases in all schedules except the case of Schedule 4, where
the value increases when the BD is shifted from the billing date
on day 4 (BD = 4) to the billing date on day 5 (BD = 5). This
occurs because the later start date of most activities and the lags
between activities in Schedule 4 cause an increase in the cash
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Fig. 7. Percentage of Reduced Financing Costs due to Extending
the PTD over the End of Period ¢ in All Experimental Sched-
ules

requirements when the BD is shifted to the end of each period,
resulting in a substantial increase in the proportion of reduction
of the maximum overdrafts. There are considerable differences
in the values in the case of submitting on an early date. For
example, with the billing date on day 1 (BD =1) in Schedule 1,
there is an 86 percent decrease in the maximum overdrafts when
PTD is prolonged past the end of the period. The proportion of
the difference then declines gradually to 74, 66, 58, and 47
percent for billing dates on day 2, 3, 4, and 5, respectively, as
represented in the bottom of Fig. 6. Similar to the proportion of
reduction of the financing cost, the graph in Fig. 7 shows that the
values gradually decrease as BD increases in all schedules.
Enormous differences in values due to prolonging the PTD past
the end of period 7 are found in the case of submitting on an early
date, for example, there are 88, 88, 92, and 93 percent decreases
in the financing cost for the billing date on day 1 (BD = 1) in
schedule 1, 2, 3, and 4, respectively, as shown in Fig. 7.

Based on the analysis of the experimental cases, the results
show that the BD and PTD have a strong effect on the project
maximum overdrafts and financing costs. Extending the PTD
will lower the project finances, particularly when it is pushed
past the end of period 7. However, increasing BD will increase
the project finances, particularly when BD reaches the end of
period . However, extending the PTD beyond the next two

KSCE Journal of Civil Engineering
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periods will reduce the project finances to zero. This may benefit
the contractor, but it is difficult negotiate with subcontractors for
long delays in the payment due in a real-life project. Moreover,
the analysis proves that the proposed method improves financial
performance in all cases of variation of both factors. Consequently,
this analysis reveals the beneficial results that a contractor can
achieve by making payment arrangements in project finance. In
this case, a billing date on day 1 (BD = 1) and a five-day delay
for payment (PTD = 5) is the optimal solution that provides the
lowest project finances.

6. Conclusions

The objective of this research is to modify the existing finance-
based scheduling model to account for varying contractor-to-
subcontractor payment arrangements, billing dates and payment
time delays for individual work packages and to prove the
performance of the proposed model. The proposed MFBS method
was validated using a five-activity project and was compared
with the solutions found in the literature. The proposed MFBS
provided good performance for project finance, resulting in
lower cash requirements and total financing costs. In addition,
sensitivity analysis was used to test the effect of the billing date
and payment time delay on project finance. The variation of these
factors exhibited beneficial results in all of the experimental
schedules. There were significant impacts on the project finance;
prolonging the payment time delay considerably decreased the
project finances, particularly when it is pushed past the end of a
period. Shifting the billing date increased the project finance,
particularly when it reached the end of a period. The analysis
proved that considering both factors in the MFBS model
provided improved financial performance. The proposed method
can achieve effective solutions without shifting the start date of
activities or extending the project duration. Moreover, the model
is practical for use in construction projects. Consequently, this
research is expected to assist contractors in determining subcontractor
payment due dates that are more reliable and accurate and to
provide better support for decision making in project finance.
Finally, future research is needed to provide an optimization of
contractor-to-subcontractor payment arrangements in finance-
based scheduling problems.

Acknowledgements

The first author is grateful to the Office of the Higher Education
Commission for Ph.D. study financial support under the Strategic
Scholarships Fellowships Frontier Research Networks (Specific
for the Southern region) for the Joint Ph.D. Program: Thai
Doctoral degree program, a CHE-SSR-Ph.D. SW Scholarship.

Notations

BDy,= Current billing date at a typical billing period bp
BD, = Previous billing date at a typical billing period bp

Vol. 00, No. 0 /000 0000

CF',= Cumulative cash flow as of period #, including
financing costs
CF,= Cumulative cash flow as of period ¢
C1,= Cash inflow obtained at the end of period ¢
CO,= Cash outflow during a typical project period ¢
IC,= Total interest charges at the end of a period ¢
IR, = Interest rate per period ¢
NCF,= Net cumulative balance at the end of period ¢ after
cash outflow
NCF, ;= Net cumulative balance of the previous period
SRp;= Subcontractor receipt on a payment date
SSpn = Subcontractor submission on a billing date
¢f,= Early finish date of an activity p
es,= Early start date of an activity p
ny,= Number of activities whose durations overlap within
a typical billing period bp
Ypp= Disbursement at any payment date
Vpsp= Disbursement of an activity p performed on any
billing date
¥, = Disbursement rate of an activity p per day on day
including the overheads
BD= Billing date
K= Multiplier to calculate the amount of the receipt
from the owner
PD= Payment date
PTD= Payment time delay
R= Retainage rate deducted from the owner
T= Total project duration
bp = Billing period
p= An activity in the project
1= Typical project period
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