.i?ﬂk*'é*t”&q avvRLAINIA
PR EXTE LA S TN

Sampls No.: FEO19 Source of sample: )&#’-h ,‘;]

Sampls Mo.: F-D19 \ Type of Cemsatt Type 1
Type of Osmeot: Type 1 ‘s Date of Sample: Apr. 12, 1996 Date of Testing: Apr. 12 - 19, 1976
Date of Sampling: Apr. 12, 1976 Date of Testings Apr. 1& - 15, 197 Test hesult:
A MW’J
ot Ropuits 1. Silicon Dioxide (5103} . 19.9 %
1. Pineoess: Specific Surface 3057 e /gm 2, Aluminue Cxide (AlgGy) 7.08
2. Tims of Setting: Olllmare Test 3, Perric Oxide (M2(3) 3.8
4. Caloiwm Oxide (CaO) 3.4 %
Inttial Set. 150 sin 5. Magnesium Cxide (NgO) 1.5 %
Pinal Set & br. &S min- 6. Sulfur Tricxide (5Q3) 225
_— T o.uz2s 7. Loss ca Ignitien V.9 %
8. Inscluble hesidus 0.143%
& Quiigrpantye Stranph 9. Pree Lime (Ca0) 12 %
3 dags 2365 ol B. Goepound Camposite
7 days 3633 pad 1. Tricalciwm Silicate (Oy8) 48.5 5
2. Dicalcium Silicate (%) 20.5 %
Toot Mathods AS TR 010 - Th 3, Tricaleius Aluminste (G34) 12,5 %
4 Totracalcius Alumincferrite (GRAF) n.os
5. Sum of C35 & C3A 61.0 %

Test Method: A 5 T M v 15074

Y X
|m;-:ﬁf

Approved byt ww;@ maw:@

HriPRAF.EXEHL sevmeRison MeivRxE-SRENLA

m RMEBIRAL IS - e e@ R ERAL P
. HATIONAL THUNG HSIMG TAWAN POWER e e : y NATIONAL CHUNG HSING UMIVERSITY-TAIWAN POWER
3 CONCRETE ¥ . ~ CONCRETE TEST & RESEARCH CENTER

Sample Bocl I = 90 Semple dou: FE - 023 m«w-ﬁihl’r}
Type of Coment: Modifisd Type 1 Type of Comsnt: Modified Typs I
Date of Semples Jun. 9, 1976 Date of Testing: Jun. 9 - 16, 1976 Deta of Semples Jun. §, 1976 Bate of Temiags &m. 9 - 16, 1976
= Test Besult:
Test basulis
As Chamioal Analysis
3+ Blatiomy Sysaitic. Byrdins 3% /e 1. Silicon Dicxide (5102) s
2, Tise of Setting: Gillmore Test 2, Almsimen Oxide (AM2DY) bt 5
Initial Set 180 win. 3. PMerrie Oxide (Pe3D; ) 3.6 %
l..g.mu-umim} 2.5 %
R 5 br. 15 nia, 5. Magoeiium OKUSS (Mg0) 23%
3. 1 Autoclave 1 0.050 % 6. Sulfur Trie®ide (505) 2.2 3
&+ Compressive Strength 7. loss m Igaitica _I"l“
i €. Inscluble Beaidos 0.22%
3 days 2538 pei 9. free Liss (Gs0) 113
8 dus peading #/92 Ps/ - . : ’
54 Talse Set o8 5 L. Tricaloiws Sdlicste (0B) 0
6, Air Contest of Mertar 0.7 % 2. Disalcies Bfiicate (@5) 5.8 %
3o Tricaloium -Alusinate (Qgh) Lt 3
Teot ity LS 0N~ s.nwmw(w;; 10,9 %
5. Sem of 05 & B4 Shet

Toet theds AS TN G0 -Th [T,

it ) e
dopomd byt (LETE Guecked b @ Toetec b




RS T SR & 3 F P [ PR S P E EE-F & P b Sremaniien

R RIS/ 2RI L P e
TOMAL CHUNG b5 owlFeo MATIONAL CHUNG MIING UNIVERSITY-TAIWAN PiWi A Tuwes
O CONCRETE TEST & RESEARCH CEMWE. - TEST & RESEARCH CRNTH : ot caten
: 3 B
TESTING REPORT OF POSTLAND CENENT OM PHYSICAL PHOPERTIES . T -
- Sample Mo.: FE-025 mul—u:q};ﬁ’-‘-;]
Semple No.: P X - (25 muh.ln);,‘}:ﬁa.‘ﬂ Type of Csmsot: Moaifisd Type 1
- Dute of Semple: July 20, "7 Date of Testing: July 20 = 27, 'T6
Tost imsult s
Date of Semple: July 20, 197% Date of Testings July 20 - 27, 76 A Cheadoal smalysis
Test Besult: 1. Stlicon Moxide (340) .2 3
1. Finemsss: Specific Surfase 3425 u’,. 2. Almdimm Oxdde (A1203) 5.5 3
2. Ties of Settiag: Glllmors Test 3. Perric Oxide (Mey03) 3l 8
Initial Set 180 min be Calotmn Ocide (Ca0) 2.5 3
Final 5 hr. 30 min. 5. Magnesioe Ocide (MgO) .5 3
6. Sulfur Tricxide (503) 23 8
2a,Saunfunne s juisclae By 0.052 % 7. loss on Iguition 1.2 %
4. Compressive Mrength > 8. Insoluble hesidue o0.22 %
Sl e 9. Free Lise (Cad) 0.9 '5‘1
3¢ P3l 8. Compourd Composite
hiters e—iing 06 1. Trisaloimm Silicats (Cys) TR
So Palse 3o _ 0.0 5 2, Dicaloium Silicate (Gg3) - 2.6 &
&, Alr Contemt of Mortar 9.6 % ' 3. Tricaloium Aluminste (C3a) 9k 4
Test Wthod: ASTN CLO-Th ki luninoferrite (GAP) 94 3
5. Sum of Cy% & C3A 4.7 S
HE S H Tost Wethed: ASTN G150 « 7
Z
TR
SEaEN approved by: Amii\ Gecksd
Approved by: /AAEY Checked byt Tested byt éﬁ; b4 :% by
va‘v L
[ P2 PR IE-F L &P ] srvarsitin HidRAF.ERECNLY srvaanitin

b ot~ RREIVBRAT P

o Tubthang. Tubwes NATIOMAL CHUMG HEMNG UMIVERNTY-TAIWAN

X EXE LUE

S

[ESTING RPOR]

Type of cewment 1 Modified Type I . Sesple No. 1 FE - 000
Date of sampling ' Aug. 19, 1% Date of testing 1 Aug. 19-26, 197% Type of cement 1 Modiffed Type 1
Test result 1 Date of sampling ¢ Aug. 19, 197% Date of testing s Aug.19-26,19%
A. Chemical Analysis .
1. Silicon dioxide (S102) 2.9 % Test result ¢
2. Alusdoes oxide (AL203) 5.5 % 1. Pineness 1 Specific surfase DL ed/gm
3. Perris oxide (Ma03) 33 % 2. Time of setting 1 Gillmare test
A+ Calcium cxide (Ca0) (S
5. Magoesium oxide (MgO) L8 % Taislal oot 130 mix.
6. Sulfur tricxide (303) L7 % Final set & hr. 30 mia,
Voo Lnan.anghmdtin S8 3 3.3oundness 1 Autoslave expansion 0.87 £
8. Inscluble resides 0.10 %
9. Pree lime (Ca0) 13 8 he Compresaive stremgth
B, Compound Composite 3 day 2538 pei
1. Tricaloium silicate (C35) A5 8 e taap P
2, Dicalojum silicate ((3S) 8.9 3
3. Tricaleium alusinste (C3a) 90 % 5. False set Tk %
4. Totracaloium alusi rite (QAF) 0.0 % 6. Air comtent of morlar 0.4 %
So Sum o0 S & DA Bl 4 Test method t AS TN €150 - Th
Test Wethed 1 AST N C150 - T4

T Y

g [ |

N uw-_n-u Qocked by 1 ke umu-@
doprored by ¢ @ Quaked by + @ mu-m @ @
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li?ﬂk#!fiﬂtﬂ&q trvmaniise -i?'”k‘ **'”
2 BRI A L 0 e

MATIONAL CHUNG HSING UNIVERMTY-TAIWAN POWER :m Telciung, Tulwes
; . of Chlne

Source of sample |f\i4_:rh.,v]

Sempls Mo. 1 FE - 034
Trpe of cement 1 Modifisd Typs I

Sempls No. 1 FE - (D4
Type of cemsnt 1 Modified Type I

Dats of sampling ¢ Sep. 3, 1976 Date of testing : Sep. 3 - 10, 1976 Date of sampling 1 Sep. 3, 1976 Deté of testing 1 Sep. 3 - 10, 1976

Teat result s Test result

A. Cheadcal Analysis 1. Pineness & Specific surface 3510 enl/gn
1. Siidecn dicxide (Si®) a.6 % 2. Time of setting ¢ Gillmore test

2. Alwinm oxide (A1203) 5.5 % Initital set 150 mia.
J.berric oxide (Mg Q) 32 3 Final set & hr. 30 min.
4. Valciun axide (Ca0) 6.7 ¥ 3. Souniness { Autocieve expansion 0.00 %

5. Nagnesimm oxide (NgO) L7 % A. Compressive strensth

6. Selfur wtriexide (S0 ) L9 3 3 day 2584 pet

7. Less en igeitiom 0.9 § - L2f7 A3t
8. Inscluble resides 0.12 ¥ 5. Palss set B

9. free Lims (Ca0) 12 % 6 .Alr content of mortar 0.7 %

3. Compousd Cemposite Test method 1 ASTN C150 - Th

1. Tricaleium silicste (C38) 0.0 $

2. Dicaloium silicste (G8) 32.8. % Pk

3. Tricalcium alwminste(Cyh) 9.2 % PO '}

. Tetracaloium alumincferrits (GuAF) b

5. Sum of G35 & C3A 5

s
Teot Method 1 AS T X cm-fu&*i"{i &
K % R ¥l Tested by 5
Approved by 3 (necied by 3 *
(e o1 | 1
L L

et v nmR
T w0 Az

#atTERRIOR

L L T—
1% Evokusng Rd..

LES £ FX tl'ﬂ&ﬂ

In.?-ﬂk@'iﬂ'ﬂ’}.ﬂ

Seagile No. l —ad £ .I.‘l-"-a

Sample No. ¢ FE - BR1
Type of cement s Modified Type I
Date of sampling 1 Bev. 3, 197
Test result t

1. K t Specifis f!
2. Time of setting 3 Gillmare test
Initial set
Final st
3. Soundness 1 Autoclsve expansion
4. Compressive strength
3 days
28 days
5, False set
6. Alr sentesnt of mortar

Tert lothed + AET K CL50 - Th

Sourse d::\',ﬂ::—f!é:«‘:]
Dabe of testing .p.s-m,mt
3323 eaf/gn.

170 min.
§ br.
[ X

2671 ped
ﬁ’ s
5.8 %
1.9 %

FEEXE:|
R A @ b # %l

trg-fu-nsm-l
Dat: of samplling + Nov. 3, 197%  Date of testing : Bov. 3 - 10, 1976
Test result @

" Ae Chessial Anskysis

1. Si1deon dioxide (i) n.os
2. Mlomimm oxide (A203) 613
3. Merrie exide (Mz203) 333
A. Caleium exide (Cad) Q2.3
§. Nagresium oxide (MgOQ) 1.2%
6. Sulfur trioxiss (303) 218
7. loss on ignitiea 073
8. Inscluble resides C.2x
9. Free lims (Cad) 168
B Compound Cemposite

1. Tricaleiom silicsts (C38) 38
2. Diealeium silicate (C28) 26.9 %
3. Tricaleiws aluxingte (CM) 1046 %
4. Tetrscaleium alumineferrite (CiAF) 100 %
b Jum of G35 & QA bh.5 5

Test method 1 AS TN Q50 -7

~ 686 ~




Mmport No. FE - 0k2
Source of Sesple ¢ KiFail=4)
Dats of Testing : Peb. Lell, 1977

Sample No, ‘& - b8
Type of Cemsrt : Modified Type I
Date of Sampling : Peb. &4, 1977

Test fmweult :
1. Pirersss : Specific Surface 2257 ]
2. Tize of detting : Wllmore Test
Imdtial Set 150 ain.
Floal Set 5 br. 30 ain.
3. Soundpess : Autoclave Expansion G009 5
ho Compreesive Strength
3 dage J::h_ Pl
e e p
5. Palse Set’ a.J *
6. Alr Content of Motar 10.5 S

Test Method t ASTN €150 -Th

Tested by &
NS/

lﬂ-‘?‘-ﬁk#'il')‘w}d

20 Keskuang Rd.,
Taichung. Taiwan
Republic of China

Dats of Sampling & Mar. 10, 1977 [Dsts of Testing : Nar. 0 - 17, 1977

Test Meeult 1

L. Chemioal dnalysis
1. $licon Dioxide (S102) .03
2. Mssioum Oxide (A1203) 5.8 %
3. Prrie Oide (Mgiy) 3.3
4. Calolum Oxtde (Cad) 63.5 %
5. Magesium Oxide (Mgo) 1 8
6. Sulfur Triceids (303) 2058
7. loss en Ignitice 0.6 %
8. Insoluble hesidus 0.148
9. Pree Lime (Cad) 123
B. Compourd! “omposite
1. Tricaloius Silicats (Cy3) 491 5
2, Dicalotum ilicate (Gz5) B.as
3. Trisaletus Aliminate (C3a) 9.3 %
4. Tetrecaliom Alunisaferrite (G A7) uos
5. Sum of (33 & Oyh 58.4 %

Test Method 1 ASTH C150 - 7%

‘ﬂo.
Tasted by |2
._4.

#*TaLamn

A rTT 1
"'E—-rn-

MaitRXFsRENRNA .

ﬁ!i”ﬂx*la 20 Kuokussg Rd..
CHNG HUNG TAIWAM POWER COMpANY Tiichans. Taiwaa

Republic of China

Sample No. FE - U3

Type of Cemect 1 Modified Typs I Souree of Sexgef 74 -;]
Date of Sampling : Mb. &, 1977 Uste of lesting ¢ by b - 11, 1977
Test Resuli :

A. Chenizal Analysis

1, #licon DMoxide (S107) 2.1 %

2, Alusimum Oride (Al;03) 5.5 %

3. Perris Oxide (Feg03) L.l %

4. Calctum Oxide (Ca0) 63.8 %

5. Magoesium Ocide (MgO) 1.2 %

6. Sulfur Trioxide (503) 1.8%

7. Loss on Ignitiom 0.83%

8. Insoluble Residus 01T

9. Pree Lise (Ca0) 125

B, Campourd Composite
1. Tricaleius Silicate (G38)
2. Disaloium Siliests (GB)
3. Tricalcium Aliminste (C3A)
4. Tetracaloium Aluxidnoferrite (GAT)
5. Sum of C38 & CA
Test Method t ASTN G150 - 7%

wn} WWI ..&Eﬁ

eF P A LATSR

LEE FE X iﬂ!‘fa‘&ﬂ

Type of Cement : Modiffed Type I Source of Saple : KHE=24113)
Dats of Sampling : Mar. 10,1977  Date of Testing ¢ Mar. 10-17, 1977

Test Result 1
1.  Fioeress : Specific Surface BN ol g
2, Time of Setting : Qillmore Test
Initial Set 170 =dn.
Pinal Set 5 hr.
3. Soundoess : Autoclave Expansion 0.0 %
k. Compressive Strength
3 dags 2383 pei
28 days m”"’
5. False Set 9.2 %
6. Adr Content of Motar n.is
Test Method : AS TN C 150 - T
Ak
[ ] l_i_r_‘ Totbad by \‘.l.ll'uk
umil
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e T —ram

30 Kuokuang R,

Ty Ty

Republic of Chilma

LES S FX X8 3 8 &P

Sample ko. F& - 058

Heport No. P - 058

Type of Cement @ Modified Type I mam,m=-}lc.ﬂ
Date of Sampling © Apr. 11, 1977 Date of Testing : Apr. 1l - 18, 1977
Test desuls: 1

A Chemical Analysis

1. Silicon Dioxide (34Q2) 2a.1%
2. Musius Ocide (AL203) 618
3. Perric Oide (Me208) 363
4. Calcium Oxide (Cal) 6346 %
5. Nagnesium Oxide (NgO) 1.2 8%
6. Sulfur Tricxide (503) 1.8%
7. loss on Ignitien 078
8. Insoluble Residue 0.178
9. Prog Jims (Ca10) o 125
B. Compound Composite :
1. Tricaloium Silisste (C3o, 413 s
2, Dicalcium 3ilisste (C28) .98
3. Tricalcium Aliminate (C3A) 0.1 8%
4. Totracalisa Aluminoferrite (CuAr) 10.9%
3¢ Sum of Cob & Oak 514 %

Test Method ¢t AS TN €150 - Ti

PRy
L (]
Checked by ¢

dtvEERIIIR
I
150 Kvokemng Rd.,
Telchang, Tlwss
Rapublic of Cules

| FR2 FE X Rtﬂ&ﬂ

Beport Bo. FE - 863

Sample No. FE - 063
Typs of Cement : Modified ‘yps I Source of Sample : ml‘“'u'-s]
Date of ssmpling : May 38, 1977  Date of Testing : May 30 - Jun. 6, 1977

Test Hesult 1
1. Pineness 1 Specific Surfece 3459 ond/gn
2. Time of Setting i Oillmore Test
Initial set 165 min,
Final Set 5 br.
3. Sourdpess : Autoclave Expansion 0.012 %

&+ Compressive Strength

3 days 2825 pal
28 days il
5. False Set 7.9 %
6. Air Content of Motar 10.9 %

Test Method 1 ASTN CL50-Th

~ 688 ~

MatREE tl!ﬂ&( sr2nsame

Sempls Bo, FE . 058 £
Type of Cement : Modified Type I mu.rs.m-.m&rdﬁ
Date of Sampling t Apr. 11, 1977 Dete of Testing s Apr. 11 - 18, 1977

Test Mesult 1t
1. Pioeness 1 Spesific Surface 3425 ond/gm
2. Time of Setting 1 Gillmore Twst
Initial det 165 min.
Final Set 5 br.
J.u-i-m-muzmhmm 0.009 %
4. Compressive Strength
3 daye mmm
28 dgre m-
5. Falss Set 72.2 8
6. Air Comtent of Motar 13 %

Test Method t AS TN C150 - Th

Approved by 1 B Checked by 1 @ mwa

(PR P I Rk
R T W
HATIONAL CHUNG HSNG UMIVERMTY-TAIWAN "‘,
CONCRETE TEST & RESEARCH CH
TAST.ING NKPORT CP POCTIAND CANGT ON CHBIGAL PRSI -
Semple No. FE . 863 Report No. FE . 043 i
Type of Cebent 1 Modified Type I lwunu..u:;\p&:-u'.-_.:]
Date of Sempling : May 30, 1977 * Dete of Testing : May 38, - Jun. &, 1977
Tost Besult ¢
A. Chemisal Analysis

LI FYSILE ]
atra L
- Ra.,

5

1. Silicen Dioxide (Sim) 20.7 %
2. AMusinus Ocide (A1203) 5.9%
3. Perric Oxide (Pe03) 3.6 %
k. Caleiom Oxide (CaQ) 3.6 %
5. Magnevium Oxide (MgO) 1.0 %
6. Sulfur Tricxide (303) 1.8%
7. lLoss on Igmition 0.8 %
8. Inscluble Residue 0.198
9. Pree Lime (Ca0) 138
B. Compownd Composite

1. Tricalciom Silicste ¢ Cy8) 51.8 %
. Dealeima 3ilisste (OnS) 20.3%
3. Trisaleiue Aliminate (CyA) 9.5 %
4. Tetracaloism Alsinoferrite (G,AF) 18.9 %

5. Sem of 035 & Cyh
Test Wosthod + AS TN C150 - 74

i00e 5
| Lol O L
<-r
"""""""’. Mw-.@ Teated by yfiiite:
e/ Cro
e’ i
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RatRxF - 2BEINT

PSS XY T AL N
LRI R EERAL P S

AR ERBAL P s
, CHUNG HSING Y tawans rowe o
CONCRETE TEST & RESEARCH {

feport ¥o. FI - 069
Souree of Jemple 1 KM%
Date of Testing 1duly & - 11, 1977

lmport No. FE - 069
source of Semple 1+ K14 271+ 3
Date of Testing 1 July & - 18, 1977

Sesple ¥o. Ik - 069
Type of Comsnt 3 Type I
Dete of Sampling i July 2, 1977

Sample Be. FB - 069

Type of Osmant ¢ Type I

Sete of Sempling + Ju¥ 2, 1977
Tost Besult 1

Test Besult 1
i A. Chesisal inalysis
1. Plossess’ 1 Spmeitic Surfese R =t/ 1. Silisen Moxide (5102) 0.7 %
2. Tims of Setting 1 Glllmore Test 2. Admatoun Ocide (A120) :'::
i Sinriin: 3. Perric Ocide (Pez0y) .
Inttial 62.8%
Moal set 4 br. 20 min. 1.4 %
3. Scundness 1 luboslave ixpansien 0075 % :“::
4. Compressive Mrengih 0.16%
3 daps 29% ped 1.2 %
T daye 303 pei
28 days gonding #t2 PS5/ AT2 %
23.8 %
5. False set %0.9 5 9.8 %
6. Alr Costest of Notar 8.4 s 0.9 $
s8.1 %

Test Method 1 ASTN C150 - Th
A4 % 9
Kk R #|

4 )
Teslad by ¢+ (5 -~"‘“
&=/

aevRALS™E
“nﬂﬂ-

sremasme
o1 Jhp sax

MafPRLE- i!tn&q

20 Kuokusng Bd, 0 Keokssag B,
Talchang Tulwas Talcheng Tuiwas
Republic of China

Republle of China

Semple No. 1 FE . OT3
Type of Coment ! Modified Type I

Dgta of Sempling + mug. 43, 1977
Tost Besult

' Beport Mo. PR - O73
Scaree of Semple |Kd'ﬂ’4'q
lste of Testing s Mmg. 24 - 30, 1977

Senple No. s FE - 073

Typs of Cemsat 1 Modifisd Type I
Bate of Sempling ¢ Aug. 23, 1977
Test Bweult :

A, Chemical Mnalysis

Meport No. t FE . OT3
Scare of Sampls 1k T34l 7]
Dute of Testing @ dag. 24,- 30, 1977

1. Piaeness @ Speoific Surfese 3476 ox/gm 1. Silicon Dicxide (3iMg) 20,9 %
2. Time of Jetting ¢ Qillmcre Test 2. Muosisss Oxide (Al203) 6.0 %
‘Indtial Set 165 min 3. Perric Oxide (Peg0y) 368
Final Set . A br. 30 mia. Ao Caloium Oxide (Ca0) 62,9 %
3. Sousdness i Mitoclave Bxpasior 0,014 5. 5. Magnesium Oxide (MgO) Lk 8
4o Comgressive Streagth 6, Sulfur Trioxide (30y) 218
3 daye 3029 pei 7. Loss on Igaition 0.8 %
28 daye Pondiag 5025 P35/ 8. Inscluble Hesidus o.n%
3. False Set 722 % 9. Proe Lims (Ca0) L13

6. Mr Contemt of Meber 9.5% B, Compound Composite

oot Mothod 1 AST N C150 - Th e Rekadien A b
: 2, Dealetmm Silicate (G3) 5.4

F O R o 1 3. Tricalotua Aluxinste (C3h) n.x:

B am L o (c,ar) 0.9

i A X 5. Sum of &8 &Gy 3 » 5.9 %

- e [RE
‘n 4"' s

L Coecked by 3 Tosted v PFa

. "

Tost Method 1 AST N C150 - 74

i{.
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L3N~ SEPAN

SPECIAL PROVISIONS
TFOR
NORTII-SOUTIH FREEWAY
(ITMNGKING NORTH ROAD TO NEIHU SECTION

PROTFECT N, 12

(YUAN SHAN DRINGE)

STATION 0+821.90 N TO STATION 1+558.30 N

THE REPUBLIC OF CIINA
MINISTRY OF COMMUNICATIONS
TAINVAN AIA FREEWAY CONSTRUCTION BURTAU
“TAIPEI, TAIWAN
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PROJECT N0, 12

STA. 0+321.9 N to STA. 1+558.3 N

GENERAL ~ DESCRIPTION

This project begins at STA. 0+321.9 N and ends at STA. 1+558.3 N
about 736 meters (671 ™ of box girders § 65.4 " of I-girders) of

six-lane roadway bridge as shown on the plans.

COMPLETION  TIME

The '"Time for Completion" for this project is within 910 calendar

days from the date stipulated in the 'Notice to Proceed'.

~ 693 ~



1.

SECTION A

GENERAL
FORWARD
work under this Section and the subsequent Section are subject to
the Standard Specifications and other requirements of the Contract.
In case disagreement between this provisions and Standard
Specifications, this special provisions will govern.
SCCPE

The work includes all labors, materials, equipment, transportation
and services necessary to complete construction of the project as
shown on contract drawings. The measurement and payment of each
item, listed in the bidding forms, are specified as below:

A. Main Bridge is from Sta. 0+856.5 to Sta. 14+527.5.

i. Superstructure includes all items constructed above the pier
top or box girder bottom.

350 kg/cm2 Concrete: It also includes travel wagons, form works,
rubbed finish of visible surfaces, concrete epoxy
bonding materiais, curing and other necessary
services of completion this .item. The quantities
of concrete will be measured in cublic meters in
accordance with the dimensiorns shown on the draw-
ings. lio deduction will be made for the volume
occupied by bar reinforcing steel or high tension
wire tendons in the concrete.

240 kg/cm2 Concrete: It alco includes form works, rubbed finish
of visible surfaces, curing and other necessary
services of completion this item. The measurement
of this item is same as that of 350 kg/cm< Concrete.

2800 kq/cm?: kefer to Standard Specifications

Rebars, fy
Sectior. 14-C1 "Steel keinforcing Bars."

"

kebars, fy = 42C0 kg/cm?{ kefer to Standard Specifications
Crection 14-01 "Steel iieinforcing Bars."

kain Tendons: Except vertical tendons, all other tendons used
for superstructiure shall include anchorage, tendon
ducts, grouting, coupling if necessary and other
services tc complete this item. Its quantities
will be measured in ton-meters based on each .
effective force times its length shown on the
plars or authorized.

Vertical Tendons: It also includes anchorages, tendon ducts,
grouting, and other services to complete this item.
Its quartities will be measured in ton-meters based
or. each effective force times its length shown on
the plans or authorized.

Elastomeric Expansion Joint, No. 650: It's also including labor
of erection, equipment to complete the bridge
deck expansion joint seal and other necessary

~ 694 ~



services to complete this item. The quanti-
ties of expansiqn joint will be measured in
lineal meters in accordance with the actural
nember of completed and accepted work.

Elastomeric Expansion Joint No. 400A and No. 250: Same as above
.item.,

Frunishing & Erecting Metal Railing: Refer to Standard Speci-
fications Section 13-04, Grard Rail.

Drainage: This item includes the materials, labor, connection,
cast iron frames, gratings, pipe fittings, hangers
and other necessary to complete this item as shown
on the drawings.- The Item of Drainage shall be
paid for on the basis of the lump sum.

Asphalt Concrete, Aggregate Dense Grade: Refer to Standard
Specifications Section 14-02, Asphalt Concrete
Pavement, - ‘

Asphalt Concrete, Aggrecate Open Grade: Refer to Standard
Specifications Section 14-02, Asphalt Concrete
Pavement.

Asphalt Liquid, RC-70, Tack Coat: Refer to Standard Specifica-
tion Section 14-02, Asphalt Concrete Pavement.

Non-Reflective Pavement Markers, Type "A": Refer to Standard.
Specifications Section 15-04, Pavement Markers.

Reflective Pavement Markers, Type "C" & "D": Refer to Standard
Specifications Section 15-04, Pavement Markers.

Painting, Pavement Striping: Refer to Standard Specifications
Section 15-02, Pavement Striping. ¢

Roadway Painting Contrast Treatment: Refer to Standard Speci-
fications Section 15-03, Roadway Contrast Treatment.

Center Hinges: It also includes the bearing plats, additional
rebars, structure steel, welding ‘and other services
necessary to complete this item as shown on the
drawings. This work shall be paid for on the basis

_Oof the unit set. g
End Connectior, at Pier N & S: Same as Center Hinges.

I1. Substructure includes all item constructed below the pier top
or box girder bottom,

Excavation, Pier A: This item includes cofferdam, dewatering,
excavation, backfilling, 140 kg/cm< seal Concrete
and other services necessary to complete the 1item

as showr on drawings. The payment shall be based on

the lump sum, except changing the bottom elevation

of the pier. If the elevation of the pier bottom

would be changed, in accordance with Engineer's written
form, then the lump sum of this item should be negotiated
at that time.

Excavation, Pier B, D, E, N, & S: Same as above.
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Excavation, Pier C: It also includes .the backfilling with
concrete or compacted granular material as shown on
drawings, the exceeded concrete for over cutting and
other services necessary to complete this item. The
quantity of excavation to be paid for shall be the
nember of cubic meters measured in original positiQn
within the vertical planes,of the neat line of footings
as shown on plans or directed by the Engineer.

140 kg/cm2 Concrete: This item is only the seal concrete
under the Pier C and it may be lean concrete placed
in dry condition. The quantities to be paid for shall
be measured in cubic meters in accordance with the
dimensions shown on the drawings. '

280 kg/tm2 Concrete Footings: This -item includes form works,
dewatering, pouring, curing and other necessary services
of completion this item. The quantities of concrete
.will be measured in cubic meters in accordance with
the édimensions shown on the drawings. No deduction
will be made for the volume occupied by bar reinforcing
steel in the concrete. ‘

350 kg/cm? Concrete Piers: This item shall include rubbed
finish for visible surfaces_and all other are same
as above item of "280 kg/cm? Concrete Footing™.

40C€m x 40C€M P.C. Precast Piles: It includes concrete, reinforcing
bars, strands, driving, splice, cutting and other services
necessary to complete the item, This item also includes
the probe piles and boring,if necessary, for determination
of the pile length. The quantity of piles to be paid
for shall be the nember of lineal meter of actural
length measured from the plame of pile cut-off down to
the top plate of steel H-pile. Exceeding length of the
pile cut-off shall not be paid for and its expense shall
be included in the unit price of this item.

Steel H-Piles: This item includes top plate, anchorage, welding,
driving and other services necessary to complete this
item. The payment shall be based on number of lineal
meter of actural length to be-used in this project.

Rebars, fy = 2800 kg/cm2: Refer to Standard Specifications
Section 14-01 "Steel Reinforcing Bars".

Rebars, fy = 4200 kg/tm2: Refer to Standa}d Specifications
Section 14-01 "Steel Reinforing Bars".

Loading Tests: This item includes anchor piles, jacking,
steel I-beam, test record and other services
necessary to complete.the item in accordance
with this special provisions. The payment for
this item shall be based on each set of the test.

Steel Sheet Piles (19.5" long): This item is orly for Pier
A & E, it includes driving, anchoring, baracirg,
cutting and otler services necessary to be comp-
lete the item, The quantities to be paid for
shall be based on number of sheet at 19.5M long.
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Miscellaneous

Lighting Fixtures: It includes the materials, labor wiring,
conduits, outlets and other necessary services
to complete this item as shown in drawings anc
special provisions. This item shall be paid for
cn. the basis of the lump sum.

ﬂEitghgg_ropnd Pier C: The existing pitching at the location
of pier C will be demolished due to the excavation
of Pier C. The pitching shall be reconstructed
with same materials-at the new location as shown
on the drawings. The existing concrete blocks
may be reused for the reconstructed pitching.
The payment for this item shall be based on the
lump sum.

Ditches round Pier C: At Pier C all new ditches, mannoles, pipe
drainage, connections to existing ditch andé reccver
existing ditch etc. shall be included in this item.
The payment for this item shall be based on the
lump ‘sum.

Recover All Facilities: All existing structures and facilities
including retaining wall, side walk, road way and
etc., which will be demolished during construction
period for this project, shall be recovered to
the original form with same materials and construc-
tion as existing. This item shall be paid for on
the basis of the lump sum.

Security and Traffic Protection for Roadway and Public Spaces:
When the construction of this project will be
crossed over the roadways and public spaces, the
Contractor shall keep the traffic way free, and
shall prepare the facilities and signs for
security purpose in accordance with the Covern-
ment Law and the Engineer's requirerents. These
facilities include temporal fence, frares with
sheet covering and siding, sigr.-boards ané any
other necessary temporal structures. - This

item shall also paid for on the basis of the
lump sum. In the case of special situation or
requirement indicated by the Government or the
Engineer, the work shall be stopped temporily.
All expenses or losses due to temporal stop of
the work shall be included in this item.

B. Approach at each end of the main bridge. All items shall
Bg refer to Standard Specifications respectively.

CODES AND STANDARDS 5

Unless otherwise stated, the U. S. Codes of Practices are used
herein to determine the minimum standard of practice required.
The following publications are hereby made a direct part of

this Provisions and all concrete works included in this
“Concrete”shall conform with the applicable requirements therein
except as specified herein. 'If these Codes are in conflict

wvith local codes of practices, the more restrictive requirements
shall govern.
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A. American Society of Testing Materials (ASTM).
B. American Concrete Instituet (ACI).

C. Pretressed Concrete Institute {pc1).

_ MATERIALS

A1l materials shall be of the best quality and new unless
othervise stated, and shall comply with the Standard Speci-
fications.

WORKMANSHIP

Must be the best practice in all respects. All work must be
done in a thorough manner.

COORDINATION

Contractor shall verify all dimensicns as shown on drawings
before beginning of work. Coordinate with sub-contractors or
other trades (electrical, mechanical, plumbing, prestressing,
etc.) to make certain that all openings, ducts, inserts,
anchors and the like as specified for their work are in the
form prior to placing concrete.

REQUIRED SUBMITTALS

A. Shop drawing showing all necessary construction details
and layout for formwork, falswework reinforcing steel and

prestressing steel shall be submitted to the Engineer for
approval prior to starting work.

8. Samples and/or mill certificated from supplier of _
—oterials to be used shall be submitted to-the Engineer
for approval and/or For laboratory tests as required.

INSPECTICN

All work and materials furnished by the Contractor shall be.
subject to inspection and rejection by the Engineer.

Any work or material furnished by the Contractor found to be
in any way unsatisfactory or defective before final acceptance
of the work shall be corrected or replaced immediately by the
Contractor at his own expense.
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SECTION B

FORMINORK

SCOPE

This Section ‘includes all labor, materials, equipment, transpor-
tation and scrvices required to furnish, install and remove all
forms for cast-in-place concrete, including all shoring and form
supports.

REQUIRED SUBMITTALS

:‘_%‘r_m? Drawines showing all construction details of formwork, false-
work and proposed locations and details of construction joints
shall be submitted to the Engineer for approval prior to the work
starts.

MATTRIALS

Timner, plywood or steel or a combination of these will be permitted,
provided that ‘the required finish is produced to the satisfaction of
the Engineer.

FOPMWORK

A. Fomms shall result in a final structure which conforms to the
shapes, sizes, lines, dimensions and location of the member as
required by the drawings and specifications.

R. Shall he substantial and sufficiently tight to prevent leakage
of mortar, and shall be properly braced or tied together so as
to maintain position and shape.

C. Chamfer strips of 2 cn x 2 cm shall be provided for comers of
all beams, girders and colums unless otherwise specified on
drawings.

D. Construction Joints if not indicated on the drawings shall be
so made and located as not to impair significantly the strength
of the structure, and shall be arranged prior to placing of con-
crete and the approval of the Engineer ¢

1. Joints shall be located near the middle of spans of slabs,
heams or girders, unless a beam intersects a girder at
this point, in which case the joints in the girders shall
be off-set a distance cqual to twice the width of the bean.

2. Offsct keyway shall be formed in all construction joints for
transfer of shear and other forces through the joint.

E. Cleanouts: Where botton of form is inaccessible from within,

of extrancous material and debris before placing concrete.
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i1,

Form Coating: All form surfaces to receive concrete shall be
smooth, clean and shall be thoroughly coated with form-releas-
ing natenal of approved type which will not contaminate the
concrete.

No pipes, plates, inserts etc. mdde of alumimm shall be em-
bedded into concrete.

Provisions for Other Trades: Obtain information from sub-con-
tractors of other trades (electrical, mechanical, etc.) and
provide all openings, off-;ots block-outs, etc. to accommodate
their work. Allow other trades ample opportumty for install-
ing pipes, inserts, ties, anchors and the like in the form as
specified for their work.

FALSEWORK

A1l forms and falsework shall he designed and constructed to provide
the necessary rigidity in safely supporting all the vertical, lateral
and unsymmetrical loads without deflection and settlement.

REMOVAL OF FORMS

A.

Forms may be removed when concrete has develored sufficient
strength to safely sustain its weight and all superimposed loads.

Forms shall be removed in Such a manner as to insure the complete
safety of the structurc and to avoid damage to concrete surfaces.

No form shall he removed without the approval of the Engineer.
Reshoring may be required if the Ingineer deems necessary.

Forms for footings and foundations shall remdin undisturbed for
at least 24 hours.

Side forms for slabs, beams and vertical forms for colums and
walls shall remain undisturbed for at least 2 days.

Rottom forms and shores for regular R. C . slabs and beams shall
remain undisturbed for at least 14 days or until concrete has
reached the designed strength.

Rottom forms and shores for prestressed slabs and beams shall
remain undisturbed until all tendons have been stressed.
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SECTION C

STITIL _ REINFORCEMENT

SCOPL:

This Section includes all labor, materia.s, equipment, transportation
awid services required to furnish, cut, hend and place all reinforcing
steel as shown on drawings and/or as specified hercin.

REQUIRTD SURMITTALS

A.

_d'layram'; showing p't'tcement spacing, splxcmn bending details
and schedules as well as ercction marks for all reinforcing hars
shall be subnitted to the Ingineer for approval prior to the
beginning of fabrication.

Shrip Drawings including all necessary elevations, sections, plans,

Sarmles of reinforcing bars of each size and grade shall he submit-
ted to testing laboratory for tension and bending tests as per ASTM
A-15 and A\-305.

YATERIALS

A,

FAD

A

Reinforcing Steel shall he billet steel, weldahle quality and con-
forming to AST!! requirements as follows:

1.  #2 bars, plain, ASTM A-82,

2. Deck rebar #6 or smaller, deformed, ASTM A-615, grade 40,
#7 or larger, deformed, AST A-615, Grade 60.

3.  Others #5 or smaller, deformed, ASTM A-615, Grade 40,

4. 6 or larger, deformed, ASTM A-615, Grade 60.

Welded Wire Fabric shall conform to AST'f A-185S.
Tie Wire shall be #16 black annealed wire.

Rar Supports shall be approved type.

FABRICATION
All bars shall be of size, grade and length as indicated, and
accurately cut, bhent or formed to shapes as detailed or scheduled
on drawings by methods that will not injure the materials.

llooks and Bends shall he located as specified on drawings and
shall conform to the Standard Hooks and Rends as recommended

in ACI-315. All bars shall be bent cold., Illeating of reinforce-
ment for bending shall not be permitted.

Erection *farks: Reinforcement shall he hundled and tagged with
ercction marks corresponding to those shown on shop rlr'n'mﬂq to

facilitate sorting and placing at the job site.
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PLACLNG

A. Reinforcing bars shall be accurately placed as to spacing and
clearance and securely tied at intersections with #16 hlack
anneal wire.

B. Bar Supports of metal chairs, cement blocks, etc., of approved
type shall De.sccurely supported; fasten bars in proper position
to permit walking upon them without deflection or dislocation
during placing of concrete. :

C. Spacing: The clear space hetwcen parallel-bars in a layer shall
not be less than 1-1/2 times the nominal diamecter of the bars,
1-1/3 times the maximm size of aggregate, nor 4 cm. lhere bars
are placed in two or more layers, the clear space between lavers
shall not be less than 2.5 cm and hars in the upper layer shall be
placed directly above those in the bottom layers.

D. Concrete Protection: Inless otherwise noted, the minimum concrete
Cover for rcinforcing bars shall be as follows:

1. Walls: 2.5 cm clear for not exposed to weather or earth.
4 cn clear for exposed to weather.

2. Slabs: 2.5 cm’ clear for not exposed to weather or earth.
4 cm exposed to weather.

3. Beams: 4 cm clear all around.

4. Colums. 4 cn clear to main bars.

5. Footings: 5 cm clear for poured against form,

7.5 cm clear for poured against carth.

E. Splices of reinforcement. shall he made only as specified, or as
authorized by the Engineer.

1. o splices-are permitted to be located at points of maximum
stress. Splice bottom bars at point of support and top bars at
midspan of slabs, beams and girders.

2. Splices shall be staggercd wherever feasible.

3. Where lapped splices are used, the minimum length of lap,
inless otherwise noted, shall be as follows:

a. Vertical bars in colums - 36 diameter or minimum 75 cm.
h. llorizontal bars in beams - 36 diameter or minimum 75 cm.
c. Vertical bars in walls - 30 diamecter or minirum 45 cm.
d. llorizontal bars in walls - 24 diamcter or minirum 30 cm.
4. Lapped splices shall not be used for har sizes larger than #11.
Thev shall be spliced by bhutt welding which shall develop in

tension at least 125% of the specified yield strength of the
bar by test.
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F. ‘elding of rcinforcement shall he done only where shown on drawings,
or as. specified, or as approved by the Inginecer. Welding shall be
performed only by qualified welders and shali comply with Arerican
Welding Society recormended practices AWS D-12.1.

G. Welded Wire Fabric used as reinforcement in slab shall avoid to
Fe spliced in region of maximm stress wherever possible. Lap
adjoining nieces with at least one full mesh at sides- and ends,
and securely wired to each other and other reinforcement.

II. Dowels extending fron footing to colurms and walls shall he same
size and spacing as the vertical bars in colums and walls, and
shall be embedded into the footing with length equal to the lapped
length spliced to the vertical bars above.

I. Clganing_: Before placing, and again before concrete is poured,.all
reinfocing steel shall be thoroughly cleaned for loose rust, oil,
dirt and other coating detrimental to bond.

J. Mintain Reinforcement in Position at all time during. placing of
concrete. There shall he a compctent representative of the Contractor
present who shall keep watching and naintain all reinforcement in
proper position.

INSPECTION

All reinforcement shall bhe inspected and approved by the Engineer
before placing of concrete.
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SECTION D
CONCRETE, CAST-IN-PLACE

1. SCOPE

This Section includes all labor, materials, equipment, transportation
and services required to furnish and pour all concrete members as
shown on drawings and/or as specified herein.

2.  REQUIRED SUBMITTALS

A. Concrete placing schedule including location of proposed construction
joints.

B. Mill certificates of cement from supplier.

C. Laboratory test reports on aggregate as per Paragraph 10.A.1 of
this Section. '

D. Laboratory test reports on Mix Designs for all classes of congcrete
required as per Paragraph 4 of this Section.

E. Drying Shrinkage test reports on concrete as per Paragraphl0.B.1
of this Section

MATERIALS

A. Cement shall conform.to ASTM C-150, type I or II, and shall be
constant and of same brand and source throughout the project.

B. Coarse Aggregate

1. Shall comply with ASTM C-33, sound crushed stone or hard gravel
from sources with proven history of successful use. Sources
shall be constant unless prior notice is given to the Engineer
for approval after re-check of Mix Design.

2. Shall have no pieces larger than specified in General Notes,
and shall be properly graded from 0.6 cm in size to maximum
size.

3. Shall be clean, chemically inert, hard, durable, of limited
porosity and tree from adhering coatings, clay lumps and
organic or other impurities.

C. Fine Aggregate shall comply with ASTM C-33, of hard, durable grains
naturg] sand, and shall be free from coagulated Tumps and shall
contain not more than 1% of clay and silt by volume.

D. Water shall be clean and free of impurities detrimental to concrete.

E. Concrete Adnixture for water reduction, increase of plasticity

and early strength may be used subject to prior approval by
the Engineer.

1. HNo admixture containing calciwa chloride shall bey used.
2. A1 admixtures shall be used in strict accordance with the

manufacturer's recormendations and under the control of the
testing Taboratory which designs the concrete mixes. '
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5.

IMIX DESIGNS

Concrete mixes shall be designed based on Trial Batch Method, con-
forming to ACI-613, by a qualified testing laboratory. A1l final
designed mixes shall be submitted to the Cngineer for approval

‘prior to beginning work.

A. A1l mixes shall meet the requirements as called for in General
Hotes.

B. A1l materials shall be mixed in proportion by weight.

C. Cement content shall be kept to-a minimum in order to prevent
shrinkage crack.

D. Water cement ratio shall be kept to a minimum, and the concrete
slump shall not exceed the requirements as called for in
General ilotes.

E. Drying-Shrinkage test for each trial batch of each proposed
min design for prestressed cencrete as per Paragraph 10.B.1
of this Section.

MIXING

The seal concrete under the piers may be Jobh-Ilixed and all other’
concrete shall be Ready Mixed in. one Central Mixing Plant set up
hear -the Job Site. A1l mixes made from the concrete plant is used
only for the Bridge Project except subject to the approval by the

Engineer.

A.

Job-Mixed Concrete conforming to ACI-G614, shall be done in a batch
mixer of approved type. All materials shall be measured in weigh-
batcher separately in proper order to assure that they are in
right proportion. - Mixing shall be continued after all.ingredients
are in mixer for at least-1-1/2 minutes before any part of the
batch is released. The mixing drum shall revolve at rate of
peripheral speed of 60 I1 per minute and shall he completely
emptied before any portion of succeeding batch is placed herein.

Ready Mixed or Transit Mixed Concrete shall meet all the requirements
of ASTM C-94 and to the following conditions:

1. Central Mixing Plant shall be equipped to properly segregate
and accurately weigh various components of the mix. Equipmpent
shall be adequate and kept in good mechanical condition at all
times.

2. Rate of delivery, hauling time, mixing time and hopper capacity
shall be such that all mixed concrete shall be placed into the
forms within 60 minutes from time of introduction of cement and
water to mixer.

3. Rotation of transit mixing drums shall produce peripheral speed
of approximately 60 M per minute. Mixing period shall be no
less than 5 minutes.

4. All concrete shall be kept continuously agitated until discharged
into the hopper at the jobsite.

5. No water shall be added to any truck unless specifically author-
1zed, and in such quantity as will be necessary in the opinion
of the Engineer to secure the desire slump.
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9.

10.

PLACING
A. No concrete shall be p]aced'hithout prior approval by the Engineer.

A11 forms shall be thoroughly wetted before placing of concrete.

Lo B v =

Concrete shall be placed as soon as possible to its final position
by approved methods of conveying which will prevent segregation and
shall be carried on in a continuous operation as far as practical
to avoid cold joints.

D. No concrete that has been partially hardened or has been contam-
inated by foreign materials shall be deposited in the structure.

E. No concrete shall be placed during rainy weather.
COMPACTING

A1l concrete, immediately upon placing 1nto Torms, snall be thoroughly

consolidated by vibrators. All vibrators must be of approved type and

used strictly in accordance with the Engineer's instructions.

CONSTRUCTION JOINTS

Where a joint has been made in the structure, the surface of concrete
shall be thoroughly cleaned and roughened by approved methods, and
<hall be wetted and applied with a coat of epoxy concrete bonding agent
or cement grout as specified by the Engineer immediately before placing
of new concrete,.

CURING

A. Fresh concrete shall be protected from direct hot sun or dry wind
by proper methods to cover the exposed surface as directed by the
Engineer if such a weather condition were encountered.

B. Fresh concrete shall be maintained at above 50°F in moist condition for
at least 7 days after placing by contintous wetting or covering materials
of approved type. The details of curing method shall refer to Section

- ]9-01.?(8) of Staadard Specifications for The North-South Freeway.

S1ING

A. Material Tests

1. Aggregate analysis shall be made for both Coarse and Fine as per
ASTM C-33.

2. (Cement Test shall be made as per ASTM C-150 unless mill certi-
ficates are furnished by the supplier.

B. Concrete Tests

1. Dryjng-Shrinkage Test for each trial batch of each proposed Mix
D§s1gn for prespressed concrete shall be made-as-per ASTM C 157
with the following modifications:

a. Make three 10 cm X 10 cm x 28 cm concrete specimens
for each test with 2 cm maximum size of hardrock aggregate.

b. The average Drying-Shrinkage after 7 days of moist .curing

and 21 days of actual drying.(28 days after casting) shall
not exceed the specified 1imit 0.05%.
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2.

4.
S

6.

Make Slump Test as per ASTM C-143 at time of taking compression
test cylinders at jobsite during placing of concrete.

Make Test Cylinders of 15 cm x 30 cm standard size as per
ASTM C-31 with modifications as follows for prestressed concrete
and regular concrete respectively:

a. For Prestressed Concrete:

1. Make one set of at least 4 cylinders from each 50 cubic
meters of concrete, or fraction thereof, placed each day
for each mix.

2 Mark each set of cylinders and keep accurate record
showing the location of concrete in the structure which
the cylinders represent.

3. All test cylinders shall be carefully stored at job site
under the same curing condition as the concrete, and
delivered to the testing laboratory without damage as
per ASTM C-31.

4. One cylinder of each set for 3-day test or the intended
time period for Tensioning or Detensioning. One each set
for 7-day test; one each set for 28-day test; and one
spare for further test in Case the 28-day test falls

.below the required strength.

b. For Regular Concrete: Similar procedure as above except
three test cylinders shall be required for each set, one
each set for 7-day test, one each set for 28-day test
and one for spare.

Make Compression Test by testing laboratory as per ASTM C-39.

Core Tests: In the event of the last cylinder, when test is
beTow the specified strength, then Engineer may require test
cores of hardened structure to be taken by the testing laboratory
in accordance with ASTM C-42 and C-39.

Air Content Test as per ASTM C-260 or C-494 at time of taking
test cylinders at jobsite, if any concrete admixture has been
used in the mix.
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3.

SCOPE

SECTION F

CONCRETE, CAST-IN-PLACE, POST-TENSIONED

This Section includes all labor, materials, equipment, transportation
and services required to furnish, fabricate and install all post-
tensioned concrete work as shown on drawings and/or as specified herein

GENERAL REQUIREMENTS

A. Design Criteria of stresses in prestressing steel.

{

2'

Working Stress shall be 60% of the ultimate tensile strength
after all losses.

Initial Stress immediately after tensioning and anchoring shall
not exceed 70% of the ultimate tensile strength.

Stress Loss due to friction shall not exceed a magnitude which
would make it necessary to stress the steel above 80% of its

ultimate tensile strength.

Maximum Concentrated Bearing Stress in concrete shall not exceed
6/10 of the compressive strength of concrete at the time of pre-

stressing. Should a higher stress be utilized, additional rein-
forcement shall be designed and provided for this purpose.

Method and Equipment

Prestressing work shall be done by method and related equipment
that are in conformance with general accepted system. Variations
will be permitted provided equal results can be obtained. The
proposed stressing system shall be submitted to the Engineer for
approval prior to the beginning of work.

Qualification of Prestressing Operator

1. Prestressing work shall be performed by an organization that
has successfully performed previous installations of a similar
nature as those shown on drawings and specified herein.

2. Prestressing work shall be under the immediate control of a
person experienced in this type of work. He shall exercise
close checks and rigid control of all operations as necessary
for full compliance with all requirements. This person shall
be named, and shall furnish such proof of experience as the
Engineer may required.

REQUIRED SUBMITTALS

A.

Shop Drawings including the following shall be submitted to the

Engineer for approval prior to fabrication of tendons.

1. Identification Marks shall be assigned to tendons of same size,
length and type of anchorage, and shall be plainly shown on
shop drawings for all tendons.
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C.

DO

‘2. Slab Tendon Layout showing tendon locations, identification

marks, spacings, profile .control points, placing sequence and
arrangement of tie bars.

3. Beam Tendon Profiles showing identification marks and control
points. If tendons are bonded type, showing locations and de-
tails of grout port, vent and drain hole. "Arrangement of end
anchorages shall be detailed in elevations.

4. Installation Details of Anchoring Fittings to concrete forms.

5. Stressing Data including jacking force, gauge reading and
calculated elongation for each type of tendon referred to the
corresponding identification mark.

Calculation of Friction Loss and Elongation for each type of tendon
based on ACI 318-63, Section 2607 recommended "K" and "U" values.

Mill Certificates and Load-Strain Curve for each heat .of prestress-
ing .steel and certified test reports on anchorage and coupler
conforming to ASTM requirements. If mill certificates and/or

test eports are not available, then samples as follows shall be
required for tests by testing laboratory prior to acceptance.

Samples for

1. Test on Prestressing Steel

a. For Wire or Strand, submit one sample of 2 M long for
each size of each heat.

b. For bars, submit one sample of 1.8 M Tlong for each size
of each heat.

2. Test on Anchorage: One completely fabricated tendon of 1.5 M

in length for each size, including anchorage assemblies.

3. Test on coupler: If couplers are to be used with bars, submit
two I M Tengths of bar equipped with one coupler and fabricated
to fit the coupler.

Supg11er's Literature describing technical data, instructions, etc.
for their equipment, tendons, anchor fittings and the prestressing

system,

Recently Certified Calibration Curve for the pressure gauges of
prestressing equipment- to be used. '

Field Records of Stressing including the actual jacking force ap-
plied to and the resulting elongation measured from each tendon,
shall be submitted to the Engineer promptly upon the completion of
stressing on each member.

MATERIALS

A.

Prestressing Steel

1. Wire: Cold drawn, uncoated, stress-relieved, minimum 16,900 kg/cm2
7280 ksi) ultimate tensile strength, conforming to ASTM A-421.
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2.

3.

Strand: Cold dr%wn, uncoated, stress-relieved, seven-wire, mini-

mum 19,000 kg/cmé (270 ksi) ultimate tensile strength, conforming
to ASTM A-416.

Bar: Uncoated, stress-relieved, minimum 10,200 kg/cm2 (145 ksi)
ETfiTage tensile strength, conforming to ACI 318-63, Section
05 (f).

B. Tendon Enclosures

1.

Unbonded Tendons shall be completely coated with suitable coating
compound to prevent bond, then covered with slippage sheathing to
prevent intrusion of cement mortar or loss of coating material
during concreting.

a. Coating Comp0und shall be a rust preventing, low friction,
non-hardening material and non-reactive to concrete and
prestressing steel.

b. Slippage Sheathing shall be of waterproof material with
sufficient tensile strength to maintain the group of
prestressing wires tightly bundled, as in the case of
parallel-wire tendons, and to confine the coating compound
from loss during shipping and concreting. Slippage
sheathing may be a continuous plastic tubing or spiral
wrapping of double layer asphalt-impregnated, reinforced
kraft paper or approve equal.

Bonded Tendons

a. Tendon Ducts: Prestressing steel shall be encased in mortar-
tight, flexible metal ducts of ferrous material with a
minimum wall thickness of 0.25 mm, and the inside diameter
of ducts shall be at.least 6mm larger than prestressing bar
or large enough to produce an internal area at Teast twice
the gross area of prestressing wires or strands to

facilitate grout injection.

b. Grout Ports shall be provided at each end of the tendon as
Tnlet and outlet for grouting. For continuous beams or
girders where tendon profile moves up and down over the sup-

ports, additional vent shall be provided at each high point
of the profile to prevent air pocket and drain hole at each
Tow point to drain off the accumulated water. A1l grout
ports, vent and drains shall be fitted with valves or plugs.
which can positively close the openings immediately without
leakage under pressure durina grouting.

Anchorages and Couplers

a. Anchoring Devices and. Couplers shall hold the tendon without
s1ip of more than 3.2 mm at a load equal to the applied Toad
on the tendon at tensioning, and shall be so designed that
the tendon will not kink, neckdown, or otherwise be damaged.
Coupler shall be able to develop the full strength of the
tendon. '

b. Distribution Plates which shall distribute load from anchorin
devices to concrete shall not be subjected to bending stress-
es greater than 1,400 kg/cm2 (20 ksi) if structural steel
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5.

A.

FORMWORK

or 1,050 kg/cm (15 ksi) if cast steel except where -experi-
mental data indicate higher stresses are satisfactory.
Materials shall meet requirements of ASTM A-36 for structural
shapes or ASTM A-148 for cast steel.

Conform with applicable requirements'of Section B - "FORMWORK"
except modified herein.

A1l bottom forms and falsework for post-tensioned members shall be
constructed to minimize resistance to the shortening of the member.
Deflection of members due %o the prestressing force and deformation

of falsework shall be considered in the design of falsework.

STEEL REINFORCEMENT

Conform with requirement of Section C - "STEEL REINFORCEMCHT".

PLACING TENDONS

A.

A1l tendons, before delivery to the job, shall be tagged with
identification marks corresponding to those shown on shop
drawings to facilitate sorting and placing at the jeb. Heat
number or supplier's production number of tendons which can
identify the original sources of the prestressing steel shall
also be shown on the tag of each tendon for inspection.

Bonded tendons may be placed, at Contractor's option, by
either one of the following methods:

1. Only the tendon ducts, bearing plates, grout ports and the
like shall be installed in position prior to placing of
concrete, leaving the prestressing steel and anchorages
to be placed after concreting.

2. The completed assembly of tendons shall be placed in
position at one time, prior to placing the concrete.

A1l tendons shall be accurately placed in parabolic profile
conforming to the control points as shown on drawings and
-shall be securely supported by metal chairs, tie bars, etc.,
at spacing of not more than 1.8 I apart to prevent movement
or dislocation before or during placing of concrete.

Coupler, if authorized to be used, shall not be located at
point of sharp curvature, and shall be encased in mortar-
tight metal housing long enough to permit the nécassary
movement.

Vertical Deviation in tendon profile shall not vary more than

3 mm in slabs and 6 mm in beams. llorizontal deviations in slab
tendons where required to avoid opening, sleeves, etc., shall
be in shape of smooth curvature with maximum 1 to 12 tangent
offset.

ffinimum Clearance for slab tendons, unless otherwise noted,
shall be as follows:

1. 5 cm clear between tendon and edge of slab or duct.

=L =



ra

15 cm clear betueen tendon and edge of slab or Targe
opening. '

3. Vertical holes of 8 cm or larger in diameter locatea
within 60 cm to. the anchor'plates shall be sleeved
with mininum 4.5 mm (3/16") thick galvanized pipe.

G. DNamage in Tendon Enclosures of any size shall be repaired
before placing of concrete.:

. Inserts and Anchors for suspending mechanical- and electrical
work shall be cast in place wherever possible. When additional
fasteners are required, they shall be approved by the Engineer.
Only those that are aochored in drill holes of 2.5 cm maximum
penctration will be permitted, to avoid any possible chance
of damaging the tendons.

CONCRETE ORK

A. Conform with applicable requirements of Section D - "COH-
CRETE, CAST-IN-PLACE" with the following modification.

B.. Steam Curing for concrete will be permitted at Contractor's
option. The method, equipment and jnstallation for steam
curing shall be submitted to the Engineer for approval prior
to acceptance. 3

STRESSING

A. Stressing shall commegce only when concrete cylinder strength
has reached 260 kg/cm® (3,750 psi) and after the approval of
the Engineer.

B. A1l tendons shall be stressed by hydraulic jacks equipped
with recently calibrated pressure gauges accompanied with
calibration curve for cach. gauge to permit the stress in
tendon to be computed at any time.

C. Any discrepancy exceeding 5% betueen the measured elon-
gation and the gauge reading shall be ascertained and
corrected. Countercheck the gauge ip question with an-
other gauge immediately. If the gauge is found inaccurate,

~replace and recalibrate the gauge. If the elongation is
found doubtful, notify the Engincer irmediately.

D. Under no circumstances shall be any tendon be stressed in
excess of 30% of its ultimate tensile strength.

E. Check friction loss on each type of tendon at the begin-
ning of stressing and make proper adjustment on the cal-
culated elongation.

F. For two-end stressed tendons, stressing shall be performed from
both ends of the tendon simultaneously unless otherwise approved
by the Engineer.

G. Stressing sequence, unless otherwise specified, shall be as
follows:

1. Floor system: Stress slab tendons first, beams next, then
girders. :
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10.

H.

2. Slabs: Starting from the center tendon both ways, if any,
proceed alternately toward both ends, then back to the center

‘from both ends.

3. Beams and Girders: Starting from the one at the c.g. of
tendons, proceed outward alternately and then back to the

center from the extremes.

Record elongation and gauge reading of each tendon as specified ir
Paragraph 3.F. "Field Records of Stressing” of this Section.

SAFETY PRECAUTIONS

Py

B.

C:

D.

Stressing operation and handling of stressing equipment shall be
strictly in accordance with the instructions of the supplier.

Ensure every part df the anchoring device 1s.posjtive1y clean,
without dirt or any sign of defect before stressing.

When gas cutting or arc welding work has to be performed near the
tendons, proper protection shall be made to keep tendons from
being subjected to excessive heat, welding sparks, or ground
currents which might cause hard-to-detect damage to the tendon.

Prevent any persons from standing behind the hydraulic jacks or
close to the hydraulic hoses during stressing.

.

GROUTING - Applicable to bonded tendons only.

A.

Grout for bonded tendons shall be neat cement grout of non-
shrink type and shall have a compressive strength on 7.5 cm x
15 cm test cylinder of 280 kg/cm2 (4,000 psi) at 28 days.

Admixtures to increase workability and reduce shrinkage may be
used subject to approval by the Engineer. Admixtures containing
chlorides,fluorides, sulphites nitrates, fly-ash or aluminium
powder shall not be used.

Proportion of grouting materials shall be based on results of
tests prior to the beginning of work. Water cement ratio of grout
shall not be more than 0.50 the content of cement by weight.

The pumpability of grout shall be determined by Standard Flow
Cone Test with time of efflux of grout sample immediately after
mixinc not less than 11 seconds.

Grouting materials shall be mixed in a high speed mechanical mixer
until becoming uniformly colloidal consistency before being passed
through a strainer into the pump.

Just prior to grouting, tendon ducts shall be made free of dirts
and other foreign substances by thoroughly flushing with water
and blowing out with oil-free air.

Grouting shall not begin until 24 hours after stressing.

Temperature.of members at time of grouting must be above 50 F and
shall be maintained at this temperature for at least 48 hours.
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12.

I. Grout shall be pumped through the duct from inlet with all high
point vents and outlet opened when grouting starts except drain
hole at low points which may be plugged after cleaning of duct.
Grout shall be allowed to flow from the vents and outlet contin-
uously until no visible slugs of water or air are ejected, at
which time the vents shall be closed in sequence from the first
vent after the inlet. When all vents and the outlet have been
closed, a pressure of approximately 7 kg/cm2 (100 psi) shall be
applied by the pump for at least 1 minute then close the inlet
valve which shall remain closed until the grout has set.

PROTECTION OF END ANCHORAGES

A1l exposed parts of anchorage shall be permanently protected against
corrosion by approved method and material before covering the concrete or
drypacking, as directed by the Engineer. '




SECTION G
CONCRETE, PRECAST, PRETENSIONED

1.  SCOPE

This Section includes all labor, materials, equipment, transportation
and services required to fabricate and install all precast pretensioned
members as shown on drawings and as specitied herein including all ac-
cessories and related items appurtenant hereto.

2. GENERAL REQUIREMENTS

A. Design Criteria of stresses in prestressing steel.

1. Working Stress: 60% of the ultimate tensile strength after all
losses.

2. Initial Stress: 70% of the ultimate tensile strength immedia-
tely after tensioning and anchoring.

B. Method and Equipment

Precast and pretensioning works shall be done by method and related
equipment that are in conformance with general accepted practice

The proposed method of fabrication shall be submitted to the Engineer
for approval prior to the beginning of work.

C. Qualification of Manufacturer

Fabrication of precast pretensioned concrete work shall be under-
taken by manufacturer experienced in the production of this type

of product, and has been suecessful in similar work as those shown
on our drawings or as specified herein,

3. REQUIRED SUBMITTALS

A. Shop Drawings including the “following shall be submitted to the
Engineer for approval prior to the beginning of work.

1. A Complete Erection Plan showing'the locations of all precast
pretensioned units with respect to the entire structure.
Each pretensioned unit shall be assigned with an Identification
Mark plainly shown on the erection plan. Placing sequence
shall also be noted on the plan. . -

2. Complete Details of Fabrication for each type of pretensioned
unit including prestressing steel, reinforcement, miscellaneous

attachment and pickup fittings that are required to be embedded
in concrete.

B. Complete Production Record including identification mark of each preten-
sipned unit, date of pretensioning, casting, detensioning and the
heat number of prestressing steel.

4. HATERIALS - Prestressing Steel

A. MWire: Cold drawn, uncoated, stress-relieved, minimum 16,900 kg/crn2

gzzg]kéi) ultimate tensile strength, conforming to ASTM
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B. Strand: Cold drawn, uncoated, stress-relieved, seven-wire, mini-
mum 19,000. kg/cm2 (270 ksi) ultimate tensile strength,
conforming to ASTM A-416.

FORMWORK

A. Conform with applicable requirements of Section B - “FORMWORK"
except modified herein.

B. Bottom forms for pretensioned members shall be constructed to
permit movement of the member without damage during release of
prestressing force.

STEEL REINFORCEMENT

Conform with applicable requirements of Section C - "STEEL REINFORCEMENT".
PLACING TENDONS

A. A1l prestressing cteel shall be accurately placedalong the
tensioning bed in exact size, number, pattern and position as
called for on drawings. No tendons shall be permitted to cross
or twist.

B. Proper means shall be provided to hold all tendons in true position
throughout their full length without sags after tensioning.

C. A1l tendons and reinforcement shall be clean, free from oil,
loose rust, dirt or other foreign matter detrimental to bond
prior to placing of concrete.

TENSIONING

Shall be done by either one of the following methods at Contractor's
option. No matter what method is used, all tendons shall be
pretensioned to a specified low tension first then continue to be
stressed to the required full load to insure all tendons are uniformly
stressed.

A. Stress All Tendons Simultaneously

Pull each tendon individually-to the specified Tow tension as
measured by a dymanometer, anchor the tendon to the anchor plate
at bulkhead of the jacking unit. After all tendons have been
held on the anchor plate, then stress all tendons simultaneously
by jacking the bulkhead to the required elongation as measured
from the point of low tension to the point of full Toad.

B. Stress One Tendon at A Time Individually

Stress each individual tendon by mono-wire/strand jack to the

specified low tension as observed from the pressure gauge of the

jack. Measure the jack extension or set a reference mark at this
point, then continue to stress the tendon to the required elonga-
gion ?s geasured from the.point of low tension to the point of
ull Toad.

CONCRETE WORK
A. Conform with applicable requirements of Section D - "CONCRETE,.
CAST-IN-PLACE" except modified herein.
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N

12.

13.

A.

s

Unless otherwise noted, tops of all beams and the like shall be
roughened by wire brush at the time of initial setting of
concrete.

Steam curing for concrete will be permitted at Contractor's option.
The method, equipment and installation for steam curing shall be
subject to the approval of the Engineer prior to acceptance.

DETENSIONING

Detensioning shall commence only when concrete cylinder strength
has reached 260 kg/cm (3,750 psi).

A11 forms which may restrict either horizontal or vertical movement
of the prestressed members shall be Toosened or stripped prior to
detensioning.

Detensioning shall be performed by either one of the following
methods at Contractor's option.

Gradually transfer all prestressing force from tendons to concrete
simultaneously by slowly releasing the bulkhead with hydraulic

jacks at the stressing end.

By Cutting tendons with acetylene torch one at a time in proper

sequence and position which will not cause damage to the concrete.

IDENTIFICATION MARKS

A1l finished products, before delivery to the job, shall be marked
with identification marks corresponding to those shown on the
erection plan to facilitate sorting and placing at the job.

HANDLING

A.

Special 1ifting devices of approved type shall be provided at

the specified Pickup points on each pretensioned unit and Tifting
shall only be done at these points. The use of other poirts or
methods of pickup shall be subject to the approval of the
Engineer.

B. A1l beams and the like, except piles, shall be maintained in an
upright position at all times, and shall rest at pickup points
only.

C. Any damaged or marred units shall be subject to rejection.

D. Make no repairs to damaged units without the Engineer's approval.

INSTALLATION

A. Each pretensioned unit shall be set in the position assigned
it, as indicated on the approved erection plan.

B. A1l units shall be place in accurate alignment with joints care-

fully spaced and properly anchored according to the details as
shown cn approved shop drawings.
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SECTION 1

PRECAST, PRESTRIESSED CONCRETE PILES

SCOPE

Work under this Section includes corplete responsibility for furnishing
and driving .all piles on the jobsite, penetrations and alignments, in-

cluding test piles and load tests as shown on drawings and/or as speci-
fied elesewhere herein.

REQUIRED SUBMITTALS

A. Shop I)rawing-s for piles to he fabricated conforming to all applicable
Tequirements as per Section G - "Concrete, Precast, Prctensioned."”

B. Piling Layout detailed in plan indicating location of cach pile, in-
cluding test piles, penetration, tip elevation, cut-off elevation
and assigned number for each pile as jdentification in pile driv-
ing record thereafter.

C. ‘anufacturer's Publications and information related to pile driving
equipment including tabular or graphic driving data for the parti-
cular hammer to bée used.

D. Arrangement of Load Test detailed in drawings including equipment
used for applying loads, method of measuring pile settlement and
procedures of conducting load test.

L. Pile Driving Record as per Paragraph 6.M,of this Section.

F. Load Test Record as per Paragraph 12 of this Section.

PILING CRITERIA

A. Vorking Load: Minimum 130 MI per pile.

B. Driving Fnergy of llammer: Minimm 7,760 M-kg (56,000 ft. 1lbs.)
per blow.

PILING EQUIPMENT

A1l piles shall be driven with a steam, air or diescl harmmer of approved
type as generally used in standard pile driving practice and shall be
capable of developing a minimum dynamic energy as indicated in ahove
Paragraph 'Piling Criteria'" of this Section.

FABRICATION OF PILES

A. Concrete: 'linimum 28-day compressive strength 350 kg/cm2 (5,000 psi.)

7. Do not fahricate pile imtil a correct schedule of required pile
lenoths have heen established and approved by the !ngineer from
results of driving test piles and load tests.
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. All piles shall he fabricated to required sizes, lengths and shapes
with proper reinforcenent and attaclwient, if any, as shown on approved
shop drawings and shall conforn to all applicable requirements as
specified in Section G - “Concrete, Precast, Pretensioned' and
fieneral lotes.

D. A1l piles shall be clearly marked with cross lines at 20 cm in-
tervals and numbered every 1.0 Mf-starting fron the tip.

DRIVING

A. \o piles shall be driven in the absence of the Ingineer or
Inspector.

. Diles shall be driven at location and alignnent as indicated
on dravings with approved harmer and equipment-to the specified
penetration in continuous driving without interruption.

P

C. Pile shall be plhimbed to the exact location before driving.

|

. Pile lead shall be fimly supported to guide the harmer and pile
in position and aligment while driven.

—
H

- Cushion: Pile head shall he properly protected fron direct impact
of harmer by cushion block nade of approved naterial. Cushion
block shall closely fit the head of pile and shall be inspected
periodically during driving. Cushion block that has been unduly
worn or danaged shall be replaced irmediately.

F. Dile Length and riving Criteria shall be established in the ficld
Tollowing the installation of probe piles. At least 10 probe piles
shall %e driven at each pier before the beginning of construction.
The prohe piles shall be exactly the sane type and dinensions as
the piles o be nsed in construction and shall be driven hy the
smae equipnent and manner of driving as used in construction. The
probe piles shall be driven at a location of permanent piles.

6. Pile nay be stopped short of the required 3 meter in the underly-
ing rock if the resistance to driving exceeds 2.5 times that of
the ENR fonmla for the last 6 inches of penetration.

i, Pile heaved during driving of adjacent pile shall be re-driven to
the original clevation.

1. viving Sequence in pile group shail hegin at center of the group
then proceed fron center outward. .

J. Pre=drilline: Where driving conditions are encountered at random

with rock or concrete rubble which may cause damage to the pile or
premture refusal is encomtered hefore achieving the specified
penctration. Irilling holes prior to driving may be required to
enable penctrating the refusal layer. The diameter of drilled
hole shall not.exceed 75% of the average pile <iancter or average
side dimension.

XK. later-Jetting in lieu of pre-drilling may be allowed only where
the site conditions are pemissible for such an oneration and
with prior approval of the Ingineer. o additional cost will be
allowed for pre-drilling or water-jetting. :




10.

11.

L. Reduction of llarmer Imergy: Uhen driving through soft soil of
Tittle or no resistance to penetration: the length of stroke of
the hammer shall be reduced to prevent any possible huild-up of
longitudinal tensile stress in the pile shaft by clastic shock waves
travelling up and down the pile. !hen the point of the pile is
being driven into fim ground, full stroke of harmer shall be used.

‘I. Daily Pile Driving Record shall be kept by the Contractor and shall
- e subnitted to the Inmgincer daily. Pile driving record shall in-
clude type of harmier to be used, pile mumber, size, penetration,
resistance, tip clevation, cut-off clevation, pile condition after
driving, starting time of drive and finish; time and cause of in-

terruption, if any.

SPLICING

Shall be made only as shown on drawings, or as specified, or as auth-
orized by the ngineer. The method of splicing shall conform to the
details’ as shown on drawings or as directed by the Ingineer. When
the altemate splicing method would be approved to use for this pro-
ject, the cost of splices shall be negotiated again.

CUT-OFF AND ROENSION |

Cut-off concrete piles st such elevations that they will extend into
pile cap or footing asshown on drawings.

B. Mhere piles are required to be cut-off, cutting shall be perfomed
vith pnewatic tools, saving, or any other mefhod approved by the
Engincer. The cut-6ff shall be a level flat surface. °

TOLERANCES

Center of pile at cut-off elevation shall not exceed 8 cn from the
desigmn location.

NEJLCTION

When driven piles exceed the specified tolerances, aré cracked, or spalled
helow cut-off elevation they shall be subject to rejection. .\ny rejected
pile shall be corrected to the satisfaction of the Ingineer by repair,

if. feasible, or rerove and replaced or adding piles and enlarging pile

cap at Contractor's cxpensc.

TEST PILIi’S

A. Shall be driven before the beginning of construction, allow
anple tine for detemination of load test, pile capacity
and fabrication. '

B. Shall be exactly the sane type and dimension as the piles to
be used i1 construction and shall be driven by the same equip-
nent and manner of driving ‘as used in construction.

C. Shall be driven at a location of permanent pile, near the soil
horing where the soil characteristics are known, and shall be :
cut-off as permanent pile after load test. =

N. Shall be driven to refusal or to a bearing capacity at least
100% greater than the design load, The required penetration
of penument piles will be detemined by that of the pile
test. '
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E. Shall have their top elevation, after driving, higher than
the cut-off clevation to facilitate conducting load test.

12. LOAD TEST: Refer to Standard Specifications Sectien 11-04.3(2).
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SECTION I
CONCRETE SURFACE FINTSHES

SCOPE

All concrete shall be given a Class 1, Ordinary Surface Finish,

unless otherwise specified. The following surfaces shall be given

a Class 2, Rubbed Finish: the exposed visible faces of piers,
girders, walls, curbs, median, underside of copings and such other
exposed visible surfaces where smooth, uniform surfaces are specified.

The surface finish on piers shall include all exposed surfaces above
low water level (=0.35 ') or 60 centimeters below finish ground line
when such ground line is above the water surface. Walls shall be
finished from the top to 60 centimeters below the finish slope lines
on the outside face and shall be finished on top and for a depth of
30) centimeters below the top on the back side.

SURFACE FINISHES

A. Class 1, Ordinary surface Finish:

Immediately following the removal of fomms, all fins and irre-
gular projection shall be removed from all surfaces except

from those whic) are not to be exposed or are not to be water-
proofed. On all surfaces, the cavities produced by form ties and
all other holes, Honey-comb spots, broken corners or edges and
other defects shall be thoroughly cleaned, and after having

been kept saturated with water for a period of not less than
three hours shall be carefully pointed and trued with a mortar of
cement and fine aggregate mixed in the proportions used in the
grade of the concrete being finished. Mortar used in pointing
shall not he more than one hour old. The mortar patches shall

he cured as specified under Curing. All construction and
expansion joints in the completed work shall be left carefully
tooled and free of all mortar and concrete. The joint filler
shall be left exposed for its full length with clean and true
edges.

The resulting surfaces shall be true and uniform. All surfaces
which cannot be repaired to the satisfaction of the Ingineer
shall be urbbed as specified for Class 2. Rubbed Finish.

B. Class 2, Rubbed Finish: After removal of forms the fubbing of
concrete shall be started as soon as conditions permit. Im-
mediately before starting this work the concrete shall be kept
thoroughly saturated with water for a minimum period of three
hours. Sufficient time shall have elapse before the wetting
down to allow the mortar used in the pointing of rod holes and
defects to thoroughly set. Surfaces to be finished shall be
rubbed with a medium coarse carborundum stone, using a small
amount of mortar on its face. The mortar shall be composed of
cement and fine sand mixed in proportions used in the concrete
being finished. Rubbing shall be continued until all form
marks, projections and irregularities have been removed. All
voids filled and a uniform surface has been obtained. The paste
produced by this rubbing shall be left in place at this time.




After all- concrete above the surface being treated has been
cast, the final finish shall be obtained by rubbing with a fine
carborundum stone and water. The rubbing shall be continued
un%i] the entire surface is of a smooth texture and uniform
color.

After the final rubbing is completed and the surface has dried,
it shall be rubbed with burlap to remove loose powder and.shall
be left free from all unsound patches, paste, powder and
objectionable marks."
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SECTION J
SUBSTRUCTURE

1. SooP

l'orl: under this Section shall consist of furnishing all labor, materials,
equipment, transportation and services to perform all work necessary for
construction of the substructurc for the Yuan Shan Bridge, which includes,
excavation and construction of piers as shown on drawings and/or as

spedified herein.

2. GENERAL REQUIREMENTS

A . Restrictions

1. Yor the sake of public safety and preventing interference to
the near by traffic, no hlasting shall be permitted in round-
ation excavation. :

2. Foundation excavation for pier (A), (B), (D) and (E) may be
carried out in dry condition or under water at Contractor's
option with methods and equipment that will surely make no
injury or damage to piles.

3. Bottom seal concrete beneath pile caps shall be placed in
static water or d.y condition at Contractor's option.

4. Construction of R. C. pile caps and pier shafts shall be
carried out in dry condition. No underwater work shall be
permitted for this part.

B. REQUIRED SURMITTALS

The following shall be prepared and submitted to the kngineer for
approval prior to the beginning of work.

No work shall be done until such approval is given, but such
approval shall not relieve the Contractor of responsibility for
the safety of /s methods and equipment or from carrying out the
work in accoruance with the drawings and specifications.

1. Schedule of Work and sequence of constniction operation should
e in consistency with the superstructure operation.

2. Methods and Equipment proposed to be used for excavation of
Toc: in pier (C) and excavation under water and dewatering in
pier (A), (8), (M and (E) shall be detailed in drawings and/
or written information.

3. Shop "rawings of :alsework, formwork and reinicorcing steel
as per section B and C of this Specification.

3. EXCAVATION

A. The Contractor.shall take full responsibility for maintaining the
foundation construction in safe condition at all times, and shall
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further be held Tesponsible for any personnel and/or property
damages that are caused by his construction operation under the
Contract.

B. Sheeting, shoring, bracing or coferdam as required to protect the
excavation in deep foundation shall be extended decp enough to
hold the unsupported length in place and to prevent bottom from
heaving and shall be in such a manner so as not to interfere with
the construction operations.

C. [Excavation shall be carried out to the elevation as specified.on
drawings and shall be wide enough permitting to install concrete
Jfoms. Any explosion for rock excavation shall not be allowed.

D A1l material from excavation shall be removed, transported and
disposed to locations as specified by the Engineer at Contractor's
cost.

E. Fxcavations for shallow footings in dry ground where soil conditions
are stiff enough to remain stable as it has been cut. It may be
permitted to excavate to lines and grades as required for placing
concrete on footings without forms provided prior approval is
obtained from tHe Lngineer.

F. Clamp shell bucket, or the like, for underwater excavation in pier
fondation shall be limited to the depth above the pile head. Any
excavation below pile head elevation shall be carried out by high
power water jet incorporated with sand pumping, or hand digging
by divers, or any approved method that shall make no injury or
damage to piles and will also clean up the dirt on surfaces of piles
and sheeting.

BOTTOM SEAL TRIMIE CONCRETE

A. Prior to the placing of tremie concrete according to the Contractor's

option, any muddy water if found to be confined inside the sheeting
enclosure of the pier foundation shall be made clean by circulating
clear river water in and muddy water out of the enclosure sirwltaneous-
ly by pumps of equal capacity.

B. Tremie concrete shall be conveyed to the bottom ot the excavation
under water by mecans of flexible seamless rubber Elephant Trunks
of minirnm 20 cm in diameter, in smooth and continuous placement
without czusing seggregation of aggregate or intrusion of muddy
water. The bottom end of the Elephant Trunk shall be deepened irto
concrcte heing place about 1 ' at all times. Sump pits shall be
formed on ton of the concrete for dewatering use later.

C. Reep water inside the sheetins enclosure at same level as the
river water level outside right before and after the placing of
concrete until the concrete has sct.

NEWATERING

After the bottom seal concrete has hardened, the water inside the
sheeting enclosurc shall be emptied by pumping to make feasible the
construction of the reinforced concrete pile cap in dry condition.
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PILE CAP AND PIER

Shall be constructed in conformance to details as shown on the drawings.

- Stagger dowel bars from pile cap to pier shaft in diffcrent elevation,

as indicated on drawing.




SECTION: 6l
SUPERSTRICTURT:

SCOPE

Work under this section shall consist of fumishing all labor,
materials, cquipment, transportation and services to perfom all
work necessary for construction of the superstructurc for the
Yuan Shan Bridge as shown on drawings and/or specified herein.

GENERAL TQUIP ENTS

A, Principal Construction !lethod:The rultiple-cell two end can-
tilever box girders shall De started from cach pier progres-
sively extending out north-south direction with consecutive
segaents to et the opposite girders at the nid-span. - The
end spans will neet piers (N) and (S5).

B. !lovable Construction lagon:

1. The construction wagon shall be ecasy to move on the top of
the girder deck along the rails.and shall have sufficient
strength to substain maximm segment dead load plus all
construction live loads, wind and earthquake effect without
appreciable deflection. MNo horizontal movement shall be
allowed during pouring concrete.

2. The line of reaction from the wagon such as front bearings,
back anchorages shall be limited in the web.areas of the
box girder,

3. TFraming merbers of the wagon shall not interferc with ercc-
ting and removing forms, pouring concrete or prestress operation.

4. The construction wagon shall provide enough space for installing
counterweights and shall provide enough suspended scaffolding
around and under the segnent for the safety and convenience of
the construction.

5. Total weight of each construction wagon, icluding counter-
weights, scaffloding, forms and all construction loads shall
not cxceed 90 tons.

6. Steel forms (1/8" Plate) shall be specified for all outer sur-
faces of the hox girder segnents, and wooden form may be used
for all inner surfaces of the box ginder segments. Adjustment
of forms in elevation shall be made possible to compensate “nr
prover deflection during the course of construction, and due to
. creep and shrinkage later. Mo horizontal joints will be permitted
in the fonis for the exterier vertical face of the girder.

REQUIRED SURMITTALS

The following shall be prepared and submitted to the Engineer for
approval prior to the beginning of work.

No work shall be done until such approval is given, but such approval
shall not relieve the Contractor of responsibility for the safety of
his methods and equipment or from carrying the work in accordance with
drawings ..and specifications. '
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D.

Proposed :lethods, Equipment, Construction procedure and schedule

shall De-detailed in full for the construction of the superstructure,
including details of the construction wagon that will be used..

Shop Drawings of formwork, falsework, reinforcing steel and prestressing
tendons as per Section B, C and F of this specification.

Cormplete layout of locations of front bearings and back anchorages
of construction wagon at each stage of construction including details
of additional reinforcing steel in concrecte for front bearings and
back anchorages.

Proposed methods, procedure and detail of bracing system to adjust
and fix the relative position of the opposing cantilever end seg-
ments at center of span for placement of the closure segment.

CONSTRUCTION SEQUENCE

'Au

General Description

1. The superstructﬁre supported by each pier consists of two
parallel rultiple-cell cantilever box girders tied to each
other by deck.slab on top and by cross beams over the pier support.

2. The construction procedures are similar and identical for all
individual girders which shall be classified into 5 parts:
1) Pier Scgment, 2) Cantilever Segments, 3) Closure Segment,
4) End Segments in End Spans, and 5) Median Strip in deck slab
according to different construction methods to be used. The
individual operations are outlined as follows:

1). Pier Segment

a. Shall be the particular segment over the pier support
between section mark (B) and (2) as shown on drawings.
The whole segment shall include two parallel box girders,
madian ‘strip, cross beams, diaphragms and bottom slab on
top of pier support.

b. The pier segment shall be the first part in the super-
structure to be constructed. Coventional construction
methods shall be used in this stage by erecting falsc-
work dircctdy on pier footing to support all concrete
formwork. The exterior forms shall be so constructed
as to give the same texture and appearancc as for the
rest part.of the bridge that is constructed by canti-
level method.

c. Tnough screwjacks shall be provided for falsework
to adjust deflection or camber of the superstructurc
before and during the placing of concrete.

d. Sequence of casting box segments shall be as follows
and shall be typical for all the subsequent box se-
gments throughout the entire superstructure:

1. Cast bottom slab.

2. Cast all vertical web of floor heams and girders
up to the hotton of deck slab.

3. Cast deck slab.



-2).

4. Stress prestressing tendons for only those speci-
fied on drawings when concrete cylinder strength
reaches 260 kg/em? (3,750 psi).

5. Grouting of tendons shall not be earlier than 24
hours after stressing, nor later than one week
after placing of prestressing steel in the ducts
for longitudinal tendons, nor later than 2 weeks for
transversc tendons,

All construction joints, vertical and/or horizontal,
shall be thoroughly cleaned, roughened and coated with
an epoxy bonding agent of approved type prior to plac-
ing concrete.

Forrwork, reinforcing steel, postensioning tendons
and concrete work shall confim to all applicable
requirements as per Section B, C, D and F of this
Specifications.

All necessary inserts for anchoring the construction
wagons and for other purposes shall be pre-arranged
and installed in place prior to concreting.

Cantilever Segments

at

Shall begin with the first segment north of pier seg-
ment, Section marked (B-C),then the south segment,
Section marked (2-3), and then back to the next north
segment, marked (C-D) for another cycle and so on till
the last segment at cantilever end on hoth sides where
the longest prestressing tendons terminate.

Cantilever method by using movable construction wagons
on serve as working platforms and to suspend the con-

crete formwork in space shall be used throughout this

stage.

Lach direction of cach girder shall require one con-
struction wagon, a total of four wagons shall be required
for the construction of the superstructure over each
pier support.

The construction wagon shall be located, erected, anchored,
loaded, suspending formwork, adjusted, etc., conforming to
the approved submittals as per Paragraph 3.A ''Proposed
Methods, I'quipment, Construction Procedure and Schedule"
of this Scction.

The sequence of casting each box segment shall be the
same as outlined in previous paragraph.

Diaphragms shall be constructed at any convenient
moment where and when there is no interference with
the construction wagon.

Proper amount of camber shall be provided for each
segment so as to achieve the design elevation
throughout the entire stretch of the girder when
finished. A corplete list of calculated cambers for
all segments of the Yuan Shan Bridge based on the
concrete drying-shrinkage test results will be
available after concrete mix design has been set up.
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Prior to placing concrete, proper adjustment on forms
shall be made for camber, construction errors,
deformation of wagon, etc., to the correct elevation
of each segment. During placing concrete, further
adjustment on form level shall be made to compensate
for deflections due to construction load.

Closure Segment

a'

Shall be the only segment right at the mid-span in
between the two opposing prestressed cantilever end
segments, and also where the expansion joint of two
opposing girders is located.

A combination of cantilever method with special
bracing system conforming to the approved submittal
as per Paragraph 3.D of this Section shall be used in
the construction of this segment.

Anchoring devices for bracing system shall be pro-
vided in the last opposing cantilever end segments
before they are constructed.

It shall be the Contractor's responsibility to adjust
the two opposing cantilever end segments to match each
other at the same elevation and rigidly connected them
by means of steel members to fix their relative

position.

The closure segment shall then be constructed in the
same manner as for any typical cantilever segment
except without prestressing.

Expansion joints at the center of closure segments
shall be made as detailed and specified on drawings.

1. The Slide Bearings used in the expansion joint
shall consist of:

A top pad of 2.4 mm (3/32") thk. glass reinforced.
virgin Tetrafluorocthylene sheet with a coefficien]

of friction .06, compressive strength of 140 kg/cm
(2,000 psi) with .002 deformation and temperature

range of - 320°F - + 500°F. This material shall

be factory =mpoxy bonded to a 106A galvanized carbon
steel plate which will be tack welded to the structural
steel frame:

_The bottom pad shall be the same as the above with l
the exception that it will have radiuys ends to |
permit rotation. This curved pad will be tack

welded to a radius base plate; which in tum will

be tack welded to the steel frame,

This top and bottom slide bearing assembly to be
P/N FC-1010-GL as manufactured by the Fluorocarbon
Co, Pine Brook, N. J., or approved equal.

2. The Expansion Joint Seals shall be TRANSFLEX-
650 as manufactured by General Tire, U.S.A.
or approved equal,
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4) End Segments in End Spans

a.

Shall be the last segment on Pier (N) and (S) .at
both extremes of the bridge.

Permanent bearings shall be installed and secured
in position as detailed and specified on drawings
prior to concreting.

The construction procedure shall be the same as' for
any typical cantilever segment,

5) Madian Strip

a.

Shall be the longitudinal closure joint along the
center line of the bridge deck between the two
parallel box girders as shown on drawings.

Ordinary formwork shall be used in construction of
madian strip.

Shall be constructed at any convenient moment and

length where and when there is no interference with
the construction wagons and other operations.
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SECTION L.

Iilectrical Worl:

* IISCRIPTION

The electrical work shall consist of furnishing and installing highway
lighting systens, as required hy the plans, and as specified herein.

The locations of -lighting'standani.*;, are approximate and the cxact locations
may be modified by the Engineer in the field to suit unforeseen requirements.

All materials furnished and used shall be new, andshall bhe handled, and
installed in a workmanlike manner.

All systems shall be corplete and in operation to the satisfaction of the
I'mgincer at the time of acceptance of the work.

LFQUIP'ENT LIST AND DRAWINGS

Unless otherwise permitted in writing by the Fngineer, the Contractor,
shall, within 60 days following award of the contract, siibnit to the
Ingineer for review and approval, a list of equipment and nmaterials which
he proposes to install. The list shall be corplete as to name of manu-
facturer, size and identifying mumber of ‘each item. The list shall be
supplemented by descriptive technical data, including detailed scale
dravings and wiring diagrams of any special equiprment, and of any proposed
deviationfrom the plans. Tive sets of the ahove data shall be submitted
in both in Chinese and Inglish. Following review, checking, correction
and acceptance, three corplete record sets shall he resubmitted to the
Fngineer, in both Chinese and English. The Ower will not be liable for
any material purchased, labor performed, or delay to the vork prior to
such review and approval.

If ordered by the Engineer, the Contractor shall submit sarple articles,
of any of the material proposed for use for the Fngineer's approval.

Upon completion of the work, the Contractor shall submit three complete
sets of "as-built' or corrected plans, and any data therefor, as required
by the Engineer showing in detail all constraction changes, especially
lecation of cables, standards and pull hoxes. At least one copy shall

be in English. The Contracotor, at his option, may submit bilingual
documents. '

VARPANTILS, CUARANTIES AND INSTRICTION SHEETS

fanufacturers' warranties and guaranties furnished for materials used in
the work shall be delivered to the Fngineer. Instruction sheets andl
parts lists supplied with materials shall also he delivered to the
Ingincer. At least one set shall he in Fnglish or all documents pay be
bilingual

SCIENULTG OF YORK

Worl shall he so scheluled that each higiway lighting shall be completed
and ready for operation prior to opening to traffic of the corresponding
scction of the roadway,

CATERIALS D THSTALLATION
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Qeroving and Peplacing Dimprovements - Improvemenits such as curbs,
gutters, concrcte and '15p‘1'11t concrete paverent, base material,lawns
and plants, and any other improverents rm*nved hrolen or oanafred

by _the Contractor's operations, shall be repl acod or reconstrueted
wvith the sane kind of material as found on the work or with matbrials
of equal quality. Thé new worl ‘;!ml" be left in a condition satis-
factory to the "rlgmcer

Foundations - Foundations for Lighting Standards, shall be "seven sack"
portland cement concrete. Portland cement concrete shall conforn

to the Provisions in Section 35, '"Portland Cement Concrete' and
Section 37, '"Portland Cement Concrete Structures''. Construction
methods shall conform to the provisions in Section 37, 'Portland
Cerment Concrete Structures'.

Forms for foundations shall include a template to hold anchor bolts
and conduits securely in proper location, laterally and vertically,
during placing and setting of concrete.

Anchor bolts shall confom to the specifications of ASTM Designation
A307 and shall be provided with galvanized and lock washers.

6.  LIGITING STANDARDS

a.

The poles shall consist of:

1. A tapered steel shaft having a base welded to the lower end.
2. Davai. type arm.

Anchor Rase:

1. A one-piece steel anchor base plate of adequate strength shape,
size, and having a scalloped top flange, shall be secured to the
loruer end of the shaft by two (2) continuuous clectric arc welds.
The base shall tclescope the shaft and the one weld shall be on
the inside of the base at the end of the shaft, while the other
weld shall be 'on the outside at the top of the base The two (2)
velds shall be not less than Scm apart so that the welded conneation
shall develop the full strengtii of the adjacent shaft section to
resist bending action.

2. The base plate shall be provided with four (4) holes to receive
tiic anchor holts, and one (1) slotted hole to receive the condul:s.

c. Shaft:

1.

[£%)
.

Steel shaft of the pole shall he fabricated from not less than

#11 lanufacturers Standard Gauge, best grade, hot rolled basic

open hearth steel. The shaft shall have only one (1) longitudinal,
automatically, electrically welded joint, and shall have no intermediate
horizontal joints nor welds. Only one (1) length of steel shect

shall be used, vhich shall he formed into a contimoougly tapered

sna*’t having a taper of approximately .14'" per foot (1.17 cm./meter)

After forming and welding, <he tapered shaft shall be longitudinally
cold rolled under sufficient pressure to flatten the weld and incrcase
the physical characteristics of the shaft so that the metal will have
a ninimm guaranteed yield 'strength of 48,000 psi.

A handhole on the shaft and cover shall be provided on the faces
of those shafts which are to he anchor base mounted with no
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8.

L3

transformer base available for wiring. The cover fasteners
shall be a silicon-hronze or stainless steel round head screw.

d. Draclet Amms:

1. The davit type am or.section shall have a tenon adapter for
receiving the luminaire. Am ends shall be darranged to accommodate
a 2 inch slip-fitter type luninaire. - L35

e. Anchor Bolts:

Four (4) high-strength steel anchor holts, each fitted with-a hex nut,
shall be furnished with the poles. Iach anchor holt shall have an "L"
bend at the bottom end and be threaded at the top end. Threaded

onds and all nuts shall be galvanized. The anchor holts shall be capable
of resisting at yield strength stress the hending morent of the shaft

at its yield strength stress. '

£. Tollowing fabrication, standards shall be thoroughly cleaned preferably
by sand @r shot-blasting, and irmediately hot-dipped galvanized inside
and outside. ' )
COXTUITS

he PVC conduit shall be heavy wall, high irpact polyvinyl chloride
conforming with CNS standard -

PVC counlings, adapters and box connectors shall he solvent welded to
the conduit, using the manmufacturers recormended solvents and methods.
Field bending of offsets and less than right angle bends shall he done
according to the manufacturers recormendations for heat bending, without
overheating or direct flame application. ;

e ends of all conduits, whether shop or field cut, shall be reamed

-to remove burrs and rough edges. Cuts shall be made square and true.

Slip joints will not be pemitted for coupling conduit.
CONDUCTORS

Unless otherwise specified, confuctors shall comsist of solid or
stranded copper of the gauge shown on the plans. Copper wire shall
conforn to the specifications of AST ! Designations: R3 and B8.

For all electrical conductors, insulation shall be of solid cblors,

or of hasic colors with a permanent colored stripe, with uniform code
to identify phase conductors, Rlack-phase -A, Ned-phase B, Bluc-phase C,
White-Neutral, Green or hare-ground.

Lighting circuit conductors shall be rated for 600-volt operation. The
insulation shall he cross linked polyethylene confoming to CNS standard.

WIRING

Powered soapstone, talc, or other inert lubricant shall he used in
placing conductors in conduit.

At least 1 meter of slack shall be left for each conductor at each
splice or temination. Ho conductor splices will be permitted in
conduit. Lighting conductor splices, where required, shall be made
only in pole bases.
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BONDING AND GROUMING

Grounding wire, ballast and service equiprent, anchor bolts, and
metal poles shall be made mechanically and electrically secure to
form a continuous system, and shall be effectively grounded., Bonding
and grounding jurpers shall be copper wire or copper strap of the
sane cross sectional areas as No. 6AYG for lighting systems and

No. 8 NG for all other svstems.

Bonding of standards shall be by means of a bonding jumper attached
to brass or bronze bolt installed in the lower portion of the shaft as
indicated on the plans. '

For bonding purposes, a ground wire shall be installed in each conduit.

ROADAY LUNMINAIRES

Luminaires for roadway lighting shall be General Ilectric, Type M-400A,
Cat. No. C724G753 (250 ) or equivalent without photo cell, as shown
on the plans, suitable for use with high pressure sodiun larps.

The Iwninaire is to be precision die-cast aliminum and is to be
furnished complete with "POMR/MNR' assembly ( to which are mounted the
major clectrical components for multiple operation, including hallast,
capacitors, and photo-electric control where used). Access to the
loosening of a single captive screw on the door. The Tuminaire shall
contain an intefnal ballast of the resulator type capable of operating
at 220 volts line to neutral from a 387Y/220 volt, 3 phase, 4 wire,

60 1’z circuit. The ballast shall he pre-wired to the lamp socket and
teminal Board, requiring only conncetion of the power-supply leads

to the teminal hoard. The entire "POY7Y/MONR" assembly shall be quickly
and ‘easilv ‘rerovable and ‘replaceable throngh the use of quick-disconnect
pluzs.

The optical assembly shall contain an activated-charcoal filter
to filter containments in the air as the luminaire breathes.
The prismatic refractor shall be of heat-resistant glass and
shall be easily removable by unlatching the refractor door and
turning a single refractor-holding clip.

The slipfitter shall be capble of adapting to 1-3" (3 cm),
through 2-inch (5 cm) pipe size mounting brackets without the
need. of separate mounting parts of rearrangement of mounting
components. Leveling and clamping of the luminaire to the bracket
shall be accomplished by the tightening of two bolts accessible
both externally and internally. The reflector shall be secured
to the upper housing and shall contain an EPT rubber gasket. for
sealing between the reglector and refractor. The socket housing
shall be securely rivated and sealed to the reflector and shall
contain provision for setting the socket in the proper horizontal
positiom in any of three vertical locations capable of producing .
IES type M-S-III or M-S-Il distribution with the General Electric
LU-250 BD lamp.

FIELD TESTS

Prior to completion of the work, the Contractor shall cause the
follwing tests. to be made on all circuits, in the presence of.the
Engineer. '

Continuity - Each circuit shall be tested for cohtinuity.
Ground - Each'circuit shall be tested for grounds.
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14.

Megger - A megohm-meter test shall be made on each circuit between
the circuit and a ground. The insulation resistance shall not be
less than ‘10 megohms at a test-ilevel of 1000 volts, and the read-
ings shall be recorded and.given to the Engineer. i :

Functional - A functional test shall be made in which it is de- E
monstrated that each and.every. part of the system functions as

"specified or intended.

The functional test for each system shall consist of not less

‘than 5 days of:continuous,satisfactory operation is obtained.

During the 5~day test period, the owner's forces will maintain
the system or systems. The cost of any maintenance necessary,
except electrical energy and maintenance due to damage by public

. traffic, shall be at the Contractor's expense and will be

considered as included in the price paid for the contract item
involved and no additional compensation will be allowed there-
for. The functional test for each highway lighting system shall
consist of an operational test for S5 consecutive nights according

" to the regular 1lighting schedule.

shutdown caused by factors beyond the Contractor's control shall
not constitute discontinuity of the functional test.

REPLACEMENT PARKS

After completion of gil_field tests the Contractor shall replace
defective lamps, luminaires, fuses, ballasts and other equipment.

The Contractor shall slso deliver to the Engineer the following
additional spares and replacement items:

‘1. Luminaires, GE Type M-400A, Catalog No. C724G573, Five each.
2. Ballasts for the luminaires describes in item 1, Five each.
3. GE250 Watt Type LU-250BD lamps, Ten each.

MEASUREMENT AND PAYMENT

The work described herein and shown on the plans shall be paid
for on a lump sum basis at the contract price shown in the
“Schedule of Unit Prices" for Electrical Work and such price and
payment shall be full compensation for providing all equipment,
labor, materials, tools and incidentals and doing the work as
planned, specified and directed by the Engineer. The cost of
a%l 1iited replacement parts -shall be paid for ,under this item

of work.
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YUAN SHAN BRIDGE—FREE SPAN STRUCTURE THROUGH TAIPEI CITY

SYNOPSIS

This paper describes the design and construction of a major freeway bridge through the capital of Taiwan
and across the Keelung River. The bridge, with a width of 35 meters and a total length of 1450 meters employs
free-span construction over 670 meters of its main crossing, with spans up to 150 meters. The cantilevering
method of construction utilizing travelling wagons, with no falsework at all, was first employed in this area.
Its successful and economical application leading to an aesthetic structure emphasizes its possible application
to freeway construction in developing countries.
1. Introduction
To carry a major six-lane freeway through the heart of the city of Taipei and going across the Keelung
River twice, required a special bridge designed to fit into the environment from both costructional
and aesthetic points of view. To provide vertical clearance for the river and city traffic, a high level
skewed bridge crossing was necessitated. Thus long spans were needed to elifiinate undesirable and
costly piers. Similarly, falsework during construction should be avoided. Furthermore, the maximum
use of local labor and material was encouraged. All of these cosiderations led to the adoption of
the free-span cantilever type of construction, usiﬁg prestressed concrete as the major material.
This new North-South Expressway, located within the periphery of the city, must have easy access
to the business district and yet separation from the local traffic. The bridge goes right in _front of the
imperial-stye Grand Hotel sitting on top of the hill and close to a beautiful existing arch bridge.
The Keelung River bends around the Yuan shan hill and thus has to be crossed twice by the new
bridge. Around this site is a very \.vellknown and much used recreation area, including parks, swimming
pools, ice-skating rinks, and other historic and scenic spots. Thus, there is a demand to build a beaut-
iful bridge to match the scenery of the site. The slender and sweeping looks of this structure was made
possible by employing prestressed cocnrete, using cantilevered construction, which dispensed with the
necessit& of falsework construction and enabled long spans with minimum mate.ial.
2 Choice of Bridge Type
On account of the long spans for this structure, the material of construction was narrowed down to the
choice between prestressed concrete and structural steel. At the time of the design and construction of
the desggn and costruction of this bridge, a major steel plant was being constructed in Taiwan. However,
steel producgs would not be available in time for this bridge and if structural steel was to be used, it had

to be imported. In addition, it was pretty well known that prestressed concrete would be much more

economical for the span and type of bridge considered for this site, as was confirmed by preliminary

studies. In addition, it would require less maintenance and would be more adaptable to aesthetic treat—
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ment. Hence, it was selected for the final design.

Different types of construction were considered. For the approach spans, local ﬁroduction of 30-meter
and 40-meter precast concrete girders was the most economical. However, for the main spans, crossing
a total length of 671 meters, special long span construction including one span at 150 meters and two
spans at 142 meters dictated the use of special structures. Continuous prestressed concrete spans would
require more falsework. Cable-stayed bridges would 'not fit into the enritonment and would not be
more economical, particularly in view of the extreme width of the bridge and its obvious preference
for the deck type (as versus the through type) of bridge construction. The free span cantilever method
was uniquely suited for this site on account of the span lengths varying between 80 and 150 meters,
absence of falsework, and the graceful proportions afforded by its outline.

A comparison between the precast segmental type of construction versus the in-place horizontal slip-
forming as empoyed indicated the latter method to be much more economical, for two reasons.

First, the precast, segmental construction would require precasting plants, transportation and erection
equipment, whereas the in-place type only needed travelling wagons. Secondly, it was easier to train
the local labor for in-place concreting whereas precast construction would require more refined control
which becomes particularly difficult with the varying span lengths and the long piers which complicated
the problem of deflection and camber control. The smooth operation of the in-place cantilever const-
ruction proved the above assumptions to be correct.

Superstructure Design

The bridge, 35 meters wide, was in fact divided into two parallel bridges, each 17.5 meters wide, carry-
ing three traffic lanes in each direction plus sidewalks and utility width. A three-box section was employ-
ed in order to reduce the top slab thickness. This did require more web concrete although it was not
excessive in view of the limited depth of the deck. Suitable steel wagons were designed to accommod-
ate three boxes

In Taipei, seismic design is an important consideration. In the transverse direction, the two columns

of each pier are connected by a heavy girder across the top, thus forming an excellent rigid frame
action against seismic load. in the longitudinal direction, it was decided to carry most of the seismic
forces into the shorter piers, for reasons of economy. This was made possible by the limited horizontal
movement at the hinges. |

Due to the multiple span construction, it was not possible to make all the span continuous and hinges
were provided at the junction of the cantilevers near midspan.

Based on previous experience with several bridges of similar type and spans, straight longitudinal
tendons were employed in the top deck while the deck slab and the webs were all reinforced without

prestressing. This was intended to simplify the prestressing procedures.
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Superstructure Construction

The key equipment for construction is the travel wagon weighing 90 tons, which could carry up to

200 tons of concrete to be poured for each 4 meter segment. Each wagon would Iserve only half the
width of the bridge - 17.5 meters. A total of 8 wagons were employed.

The superstructure cantilevers are cast in segments using travel wagons attached to both of the outer
ends of the cantilever under construction. After the pouring of concrete and prestressing a segment of

4 meters, the wagon was advanced outward until eventually the two cantilevers of each span meet at

the center and a hinge connection was made for them.

The time to work for each two segments, one on each side, is known as one working cycle. This cycle
includes forming, adjustment, rebar placing, concrete pouring, prestressing after the concrete strength
reached 260 kg/sq. cm. and the moving and settling of the wagon ready for the next segment. At the
start of the work, one such cycle required 12 or more days. But as construction progressed, the cycle
was efficiently consolidated to 8 or 7 days.

Prestress design made by T. Y. Lin International called for the amount of prestressing force at each
sectionalong the bridge. The prestress sub-contractor employed the Freyssinet system using 12 strands
of %-inch diameter, 270-k strands per cable. Tension force calculations were made for the prestressing
jack and expected amount of cable lengthening was computed to be realized in the field. The initial
tension force was limited to 80% of the strand’s ultimate strength. Allowance was made for frictional
loss and an average value of coefficient of friction 41=0.33 and wobble factor k=0.0029 were obtained.
For certain cables over the top of piers in the cross girder, the angular change was rather large and
higher coefficients of friction were obtained. It was necessary to apply soap water to lubricate the strands
during stressing, which was washed away with water after tensioning.

The most important part of this type of cantilever construction was the control of camber and deflection
as construction proceeds. It was necessary to predetermine for each segment, the amount of precambering,
in anticipation of the pouring of additional segments and the prestress. It was necessary to allow for the
weight of wagon, the wet concrete, the shrinkage and creep effect, the tensioning and loss effect, not
only of the constructed segments but also of the future segments. Only by careful calculations and field
control was it possible to have the tips of the cantilever meet with little differential. In addition, temper-
ature check and movement of the piers under sunshine must sometimes be taken into account.

The connection of the tips at midspan involves careful control. First, a loading test with measured
deformation produced by water as counterweight at the tips was made. Then, after the tips met, and
while boring the connecting segments, tanks of water near the tips were controlled to insure the two
tips remaining at the same elevation. Surveys were performed in early morning, hours before sunrise,
using the pier head as benchmarks .

As mentioned previously, the hinges served to connect the adjoining spans longitudinally, as well as
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vertically, but permitting temperature changes, shrinkage and creep to take place without affecting the
stresses in the structure. If the structure were shorter, these hinges would have been eliminated and a
continuous joint would be made across the closure at midspan.

Careful control by the contractor and the engineers was conducted both in the field and in the labor
atory to insure proper concrete mixing, concrete strength, shrinkage control, etc. Indeed, even the
texure of the concerte was tested and controlled to insure proper appearance.

Substructure

There were five main piers and two abutment piers for the cantilever spans. Originally, all these were
to be supported on precast concrete pilles with H-shape shoes, designed to penetrate bedrock. But the
foundation rock structure revealed to be different than anticipated. Some of the piers were switched to
open caissons with the foundation sitting on firm sandstone. Pier C was supported on 8 caissons of
2.5-m diameter plus 16 caissons of 1.5-m diameter, going to a depth of 18 to 24 meters. Pier D em-
ployed _six larger caissons of 6-m diameter. penetrating 20 to 24 meters. For each of these two piers,
it was possible to work on several caissons simultaneously, say two to three caissons, using three to
eight workmen per caisson, depending upon the size. As a result, each of these pier foundations were
completed within three months.

Quantities and Cost

The Yuan Shan Bridge required 1700 tons of high tension steel_, 4300 tons of reinforcing bars, and
41,000 cubic meters of concrete. Under normal conditions, about 500 workmen and engineers were
employed working day and night. The bridge construction started October 1974 and was open to
traffic by the end of 1977. Because of its unusual width and length, it may be considered as one of
the biggest types of this bridge in the world, with a total construction cost over U. S $13 million.
During the bidding period, we were faced with the world-wide energy crisis and as a result, the con—
tract price was not favorable. However, considering the problems involved, including foundation,
flood, trafic maintenance during construction, etc., the cost of the bridge in terms of $50/sq. ft.
appeared very reasonable. This was largely attributed to good planning and design as well as execution
during construction. !

Conclusion

The successful completion of this project indicates the desirability and feasibility of employing the
latest technology for bridge and highway construction in developing countries, because it was generally
not difficult to train h_)cal engineers and workmen to execute such technology, which will hilp to

save a lot of material. Particularly, the use of prestressed concrete would reduce considerably the
amount of steel needed by efficiently utilizing local material of cement aﬁd aggregate.

The author wishes to acknowledge our consultant T.Y. Lin International, San francisco, California,

U. S. A. who designed this bridge, the General Contractor Continental Engineering Company, Taipei,
o, g



and the staff of our Highway Bureau who worked on this project.The excellent cooperation of
all parties concerned helped to make this project a success. It should set a good example especially

for developing countries.
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